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FOREWORD 

In his February 12, 1980, message to Congress, the President of the United States 
announced a comprehensive program for management of radioactive waste. With regard to waste 
disposal, the President said: 

*. . . for disposal of high-level radioactive waste, I am adopting an interim 
planning strategy focused on the use of mined geologic repositories capable of 
accepting 'both waste from reprocessing and unreprocessed e~nmercih spent fuel. 
An interim strategy is needed since final decisions on many steps 'which need to 
be taken should be preceded by a full  environmental review under the National 
Environmental Policy Act. In i t s  search for suitable si tes for high-level waste 
repositories, the Department of Energy has mounted an expanded anb diversified 
program of geologic investigations that recognizes the importance of the interac- 
tion among geologic setting, repository host rock, waste form, and other engi- 

- neered barriers on a site-specific basis. Imnediate attention will focus on 
research and development and on locating and characterizing a number of potential 
repository si tes In a variety of different geologic environments wi th  diverse rock 
types. when four to five si tes have been evaluated and found potentially suit- 
able, one or more will be selected for development as a licensed, full-scale 
repository." 

In an accompanying Fact Sheet issued by the White House Press Secretary it was noted 
that the President will reexamine this interim strategy and decide uhether my changes need 
to be made following completion of the necessary environmental reviews as required by the 
National Environmental Policy Act (NEPA). Issuance of this environmental impact statement 
(EIS) i s  intended to serve as a basis for that re&xamination. 

In keeping w i t h  the mandate of NEPA, this EIS analyzes the significant environmental 
impacts that could occur if various technologies for management and disposal of high-level 
and transuranic wastes from comnercial nuclear power reactors were to be developed and 
implemented. This EIS will serve as the environmental i n p u t  for the decision on uhich 
technology, or technologies, will be emphasized i n  further research and development activi- 
t ies i n  the commercial waste management program. 

The action proposed i n  this EIS is  to 1) adopt a national strategy to develop mined geo- 
logic Fepositories for disposal of commercially generated high-level and transuranic radio- 
active waste (while continuing to examine subseabed and very deep hole dispajal as poten- 

' t i a l  backup technologies) and 2) conduct an RbD program to develop such facil i t ies and the 
necessary technology to ensure the safe 1 ong-term contai nment and is01 ation of these wastes. 

The Department has considered i n  this statbent:  ' 



:Development of conventionally mined deep geologic repositories for disposal o f  
spent fuel  from nuclear power reactors andlor radioactive fuel reprocessing 

wastes. (a) 

e Balanced development of several a1 ternat i  ve disposal methods. 

No waste disposal action. 

Prior to announcing h is  national waste management program, the President "received 
recomnendations on the program from an Interagency Review Group whose report was issued i n  
Apr i l  1979. I n  the i r  report, the Interagency Review Group analyzed a number of possible 
strategies f o r  the program of high-level waste disposal. These strategies di f fered with 
regard to the number of diverse s i tes that should be examined i n  a geologic disposal program 
pr io r  t o  construction of a f a c i l i t y  and i n  one case discussed the implementation of tech- 
nologies other than mined geologic repositories. 

This EIS has not speci f ica l ly  examined the strategies reviewed by the Interagency 
Review Group but the essential differences between them are covered i n  the comparison of the 
f i r s t  two, program a1 ternatives consf dered here. These a1 ternatives have been examined f o r  

a number o f  d i f ferent  scenarios o f  future nuclear power use and fo r  a range of times fo r  
operation of f ac i l i t i es ,  including those considered by the Interagency Review Group. 

A dra f t  of t h i s  environmental impact statement--"Management of Comnercially Generated 

Radioactive Wasten--was issued f o r  review and comnent as DOEIEIS-0046D on Apr i l  20, 1979. 
Copies were sent t o  Federal agencies with responsibi l i t ies associated with radioactive waste 
disposal, to governors of a l l  states, and t o  public interest groups known t o  have an inter-  
est i n  waste management. Cments  were recefved from the following Federal agencies: 

Department o f  Comnerce 
Department of Health, Education and Welfare 
Department o f  the In te r io r  
~nvironmbntal Protection Agency 
Federal Energy Regulatory Comnission 
Nuclear ~ e ~ u l  atory C m i  ssion 
and from agencies or o f f i c i a l s  from 17 states. 

A t o ta l  o f  219 wri t ten comnunications, incorporating about 2000 comnents, were received 
and considered i n  preparation of t h i s  f i n a l  Statement. 

An impartial. Hearing Board, composed o f  specialists i n  several f ields, was appointed 
to conduct a series o f  public hearings on the dra f t  Statement. The board members had not 
been DOE personnel nor previously involved with the WE waste management program and were 
employed speci f ica l ly  to conduct the hearings and evaluate the public concerns. Hearings 
were held i n  Washington, D.C.; Chicago, I l l i no i s ;  Atlanta, Georgia; Dallas, Texas; and San 

' 

(a) The Statement does not formally consider radioactive wastes related t o  defense 
programs; however, i n  a generic sense, systems tha t  can safely dispose of comnercial 
radioactive wastes are expected to  safely dispose of defense wastes. 
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1.1 

CHAPTER 1 

SUMMARY 

In the course of producing electrical power i n  
fuel accumulates fission products until the f issl on 

light water .reactors 
process is no longer 

(LWRs), the uranium 
efficient for power 

production. A t  that point the fuel is removed from the reactor and stored i n  water basins 
t o  allaw radioactivity t o  partially decay before further disposition. T h i s  fuel Is referred 
to as .spent fuel; Although spent fuel as it is discharged f m  a reactor is intensely 
radioactive, it has been stored safely in moderate quantities for decades. Spent fuel could 
be reprocessed, and about 99.53 of the remaining uranium and newty formed plutoniun could be 
recovered for reuse. However, present poll y dictates that spent LklR fuel reprocessing will 
be indefinitety deferred because of concern that widespread separation of plutonium could 
lead to proliferation of nuclear weapons. As a result, spent fuel i s  currently stored for 
possible future reprocessing or disposal. Storage or disposal must be designed so that 
nuclear waste will not be a present or future threat to public health and safety. 

The United States Department of Energy (DOE) has the responsibility to develop tech- 
nologies for management and disposal of certain classes of comnercially generated radio- 
active wastes (namely high-level and transuranic).(') High-level waste is defined as 
either the aqueous solution fran the first-cycle solvent extraction, where spent fuel i s  
reprocessed for recycle of uranium and plutonium, or spent fuel if disposed of. High-level 
waste is a1 so intensely radioactive. 

Other wastes are generated during reprocessing that, although larger i n  volume than 
high-level wastes, are less intensely radioactive. Wastes that contain more t h a n  a speci- 
fied amount of radionuclides of atomic number greater than that of uranium are called trans- 
uranic (TRU) wastes. TRU wastes are categorized here as either remotely handled (RH) or 
contact-hand1 ed (CH) wastes, depending on the requirements for radiation protection of per- 
sonnel. Special attention must be given to  TRU wastes because they contain alpha particle- 
emi t t ing  nuclides that are of particular concern as a result of their long half lives and 
tenacious retention if incorporated i n  the body. Other  waste forms that include neither 
high-level nor TRU are so-call ed low-level wastes. (b) 

The principal objective of waste disposal is to provide reasonable assurance that 
these wastes, i n  biologically significant concentrations, will be permanently is01 ated from 
the human environment. To provide inpu t  to  the decision on a planning strategy for 
disposal of these radioactive wastes, this Statement presents an analysis of environmental 
impacts that could occur if various technologies for management and disposal of such wastes 
were t o  be developed and implemented. 

(a) In a message to Congress on February 12, 1980, the President reiterated the role of DOE 
as lead agency for management and disposal of radioactive wastes. 

(b) Low level wastes, other than those originating at  DOE faci l i t ies,  are managed and 
disposed o f  by licenses i n  accordance w i t h  regulations of the NRC. 



The DOE i s  proposing a program strategy emphasizing development of conventionally mined 
waste repositories, deep i n  the earth's geologic formations, as a means of disposing of 
comnerci a1 ly-generated high-1 eve1 and TRU wastes. Adoption of this program strategy consti- 
tutes a major federal action for which the National Environmental Policy Act of 1969 (NEPA) 
requires preparation of a detailed environmental impact statement (EIS). 

T h i s  sumnary highlights the major findings and conclusions of  t h i s  final Statement. 
I t  reflects the public review of and cmen t s  offered on the draft Statement. Included are 
descriptions iaf the characteristics of nuclear waste, the alternative disposal methods under 
consi derati oh, and potential environmental impacts and costs of implementing these methods. 
Because of the programnatic nature of this document and the preliminary nature of certain 
design elements assumed i n  assessing the environmental consequences of t h e  various alterna- 
tives, t h i s  study has been based on generic, rather than specific, systems. A t  such time 
as specific faci l i t ies  are identified for particular sites, statements addressing site- 
specific aspects will be prepared for public review and comnent. 



1.1 THE NEED FOR WASTE MANAGEMENT AND DISPOSAL 

There are now about 70 operating commercial LWR power reactors i n  the United States, which 
represent approximately 50 6 ~ e ( ~ )  of instal  led nuclear powered e lect r ica l  generating capac- 
i t y .  The amounts o f  spent fuel accunulated f o r  the present (1980) inventory and f o r  alterna- 
t i ve  nuclear power generating scenarios considered i n  t h i s  Statement are s h  i n  Table 1.1.1. 

TABLE 1.1.1. Total Spent Fuel Disposal or Reprocessing Requirements 

Nuclear Power Growth Assumpti on 
a Energy 
Generated, Spent Fuel 

' Case Scenario ~ ~ e - y r ( ~ )  Discharged, MHM(~) 
Present Inventorv Onlv- 
Reac o s Shut  DO^ in- t r 1980 c 

Present (50 6We) Raci c and ty Normal 
Reactor L i f e  

250 We System by Year 2000 
and Normal Reactor L i f e  
(No new refsjors after 
Year 2000) 

250 6We System by Year 2000 
and Steady State Capacity 
t o  Year 2040 (New 
t o  maintain 

500 f$ System by Year 
2040 

(a) Energy generated i s  based on the to ta l  accumulated through the 
year 2040. 

(b) ~ T H M  = metric tons (1000 kg = about 1.1 U.S. tons) o f  heavy metal 
i n  or iginal fuel. One MTHM of spent fuel  consists of about 96% 
uranium, 1% plutoni'um and 3% f iss ion  products. 

(c) Reprocessing i s  not applicable t o  Cases 1 and 2 because i n  Case 1 
there i s  no need fo r  reprocessing and i n  Case 2 no economic incen- 
t ives ex is t  f o r '  reprocessing. 

(d) Waste management impacts of nuclear power generation through the 
year 2040 are considered for these scenarios. 

The to ta l  radioact iv i ty  i n  one MTHM o f  LWR fuel and equivalent HCN fo r  various times 
af ter  discharge from a reactor i s  shown i n  Figure 1.1.1. Similarly, the heat generation 
rate i n  th is  fuel  i s  i l l us t ra ted  i n  Figure 1.1.2. These figures show that a reduction by a 
factor o f  about 1,000 i n  radioact iv i ty re lat ive to  one-year-old fuel i s  reached i n  about 

700 years for  spent fuel  and i n  about 200 years for uranium and plutonium recycle high-level 
waste. The heat generation rate i s  lower by a factor o f  100 f o r  spent fuel at about 
300 years and fo r  ,recycle high-level waste at about 150 years. - 

9 (a) One We = 1 x 10 watts. 



YEARS AFlER DISCHARGE YEARS AFlER D l  XHARGE 

FIGURE 1.1.1. 'Radioactivity i n  Spent Fuel and High- FIGURE 1.1.2. Heat Generation Rate o f  Spent Fuel and 
Level Waste as a Function o f  Time High-Level Waste as a Function of Time 



The President, i n  h i s  ~ebruary 12, 1980 message on radioactive wastes, called f o r  uaste 
disposal f a c i l i t i e s  that could receive uastes from both the comercial nuclear power produc- 
t i on  program and the national defense program. Since defense wastes are not e x p l i c i t l y  
treated i n  t h j s  Statement, i t  i s  not intended t o  provide environmental input f o r  disposal 
decisions on defense wastes. However, i n  a generic sense, systems that can adequately dis- 
pose of comnercial radioactive wastes can reasonably be expected t o  adequately dispose of 

defense wastes, since the processed wastes from the national defense program produce lower 
temperatures and lower radiation intensit ies than do wastes from the same quantity o f  simi- 
1 ar ly  processed comnerci a1 fuel  .' Thus, assuming that other factors are equal, repository 
loading c r i t e r i a  would generally be less stringent ( i n  terms of quantities o f  waste un i t  
area) f o r  defense wastes than f o r  c m e r c i a l  wastes. For th is  reason certain of the analyses 
o f  impacts presented i n  t h i s  EIS should be o f  use i n  the preparation of EIS1s on the long 
t e n  management of high-level and TRU defense uaste. 



1.2 ME PROGRAMMATIC ALTERNATIVES 

The programnatic alternatives considered i n  t h i s  Statement are: 

Proposed Action. The research and development program for waste management will 
emphasi r e  use of mined repositories i n  geologic formations i n  the continental U.S. 
capable of accepting radioactive wastes from either the once-through or repro- 
cessing cycles ('while continuing to examine subseabed and very deep hole d is~osal  
as potential backup technologies). T h i s  action will be carried forward to  iden- 
t i fy  spec if i c  locations for the construction of rained repositories. The proposed 
action does not preclude further study of other disposal techniques. For exam- 
ple, the selective use of space disposal for specific isotopes might  be con- 
si dered. 

Alternative Action. The research and development program would emphasize the 
parallel development of several disposal technologies. T h i s  action implies an RtD  
program to  bring the knowledge regarding two or three disposal concepts and their 

- development s ta tus  to an approximately equal level. Based upon the Department of 
Energy's current evaluation, the likely candidate technologies for t h i s  parallel 
development strategy would be: 
1) geologic disposal using conventional mining techniques 

2) placement i n  sediment beneath the deep ocean (subseabed) 
3) disposal i n  very deep holes. 

A t  some later point, a preferred technology would be selected for construction of 
fac i l i t ies  for  radioactive waste disposal. 

0 No Action Alternative. T h i s  alternative would el iminate or significantly reduce 
the Department of Energy's research and development programs for radioactive 
waste disposal. Under t h i s  alternative, existing spent fuel would be l e f t  indef- 
initely where i t  is currently stored and any additional spent fuel discharged 
from future operation of comnercial nuclear power plants would likewise be stored 
indefinitely i n  water basin fac i l i t ies  either a t  the reactors or at  independent 
sites. 



1.3 THE PROPOSED ACTION 

The proposed action is to select and pursue a programnatic strategy that would lead to 
disposal of existing and future comnercial ly generated radioactive high-level and transu- 
rani c wastes i n  mined repositories i n  geologic formations. This Statement addresses envi- 
ronmental impacts related to implementing such disposal(a). The progrmatic strategy will 
direct effort and concentrate resources on a research and development program leading t o  
repositories and to si te-selection processes. Some support w i  11 be provided to further 
evaluate the a1 ternatives of subseabed disposal and disposal i n  very deep holes. 

Environmental impacts related to repository construction, operation, and decarmission- 
lng are analyzed in this Statement as are the impacts of predisposal waste treatment, stor- 
age and transportation to the extent they might effect selection of s disposal option. 
Enviraunental impacts are developed for individual example facilities and for systems bared 
on the pwer growth scenarios described i n  Table 1.1.1 This very broad or generic approach 
to evaluating the environmental issues provides a comprehensive overview of the likely con- 
sequences of the proposed action and constitutes the f i r s t  phase of DOE'S NEPA implementa- 
tion plan for waste management and disposal (WEfNE-0007 1980). This plan for waste manag'e- 
ment and disposal is based on a tiered approach, which is  designed to eliminate repetitive 
discussions on the same issues and to focus on important Issues ready for decision at each 
level of environmental review. Thus, as more site- or facility-specific decision points 

1 
are approached, and before each such decision and before conducting of activities that nay 
cause an adverse impact or limit the choice of reasonable alternatives, additional environ- 
mental assessments, or impact statements uil l  be prepared as appropriate. 

a The proposed research and development program for waste management wlll emphasize use 
of mined repositories i n  geologic formations capable of accepting radioactive wastes f ran 
either the once-through or reprocessing cycles. Th'is program will be carried forward to 
identify specific locations for the construction of mined repositories. 

Initially, sf te  characterization programs uill be conducted to identify qual if ied sites 
in a variety of potential host rock and geohydrologic settings. As qual if ied sites are 
identified by the R&D program, actions will be taken t o  reserve the optlon to use the  sites, 
if necessary, at an appropriate time i n  the future. Supporting this si te characterization 
and qualification program will be research and development efforts to produce techniques and 
equipment to support the placement of wastes i n  mined geo'lbgic repositories. - 

The Department 'of Energy proposes that the development of geologic repositories w i  11 
proceed i n  a careful step-by-step fashion. Experience and information gained in each phase 
of the development program wlll b e  reviewed and evaluated to determine If there is  suff  i- 
cient knowledge to proceed to  the next stage of development and research.. The Department 
plans to proceed on a technically conservative basis allowing for ready retrievability of 
the emplaced waste for some initial period of  time. - 

(a) Disposal of radioactive wastes i n  mined geologic repositories was stated by the Presi- 
dent i n  his February 12, 1980 message as the interim planning strategy to receive 
emphasl s pending environmental review under NEPA. 
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FIGURE 1.3.1 Deep Underground Geologic Waste Repository 

1.3.1 Mined Geologic Disposal o f  Radioactive Wastes 

The concept o f  mined geologic disposal of radioact ive wastes i s  one i n  which canistered 
high-l we?  wastes and other wastes i n  canisters, drums, boxes or other packages, as appro- 

p r i a te  t o  t he i r  form, radioactive waste content and rad ia t ion intensi ty,  are placed i n  engi- 

neered arrays i n  conventionally mined rooms i n  geologic formations far beneath the earth's 

sur f  ace. An a r t i s t ' s  rendering of  the geologic disposal concept i s  shown together w i th  more 
f amil i  ar structures f o r  comparison i n  Figure 1.3.1. 

Geologic disposal, as analyzed i n  t h i s  Statement, also employs the concept o f  mul t ip le  

barriers. Mu1 t i p l e  barr iers include both engineered and geologic barr iers  that  improve con- 
fidence that  radioactive wastes, i n  b io log ica l l y  s ign i f i can t  concentrations, w i l l  not re turn 

t o  the biosphere. Engineered barr iers include the waste form i tse l f ,  canisters, f i l l e r s ,  

overpacking, sleeves, seals and b a c k f i l l  materials. Each of  these components may be 
designed t o  reduce the l ike l ihood o f  release of radioact ive material and would be selected 

based on s i te-  and waste-specific considerations. Geologic barr iers  include the reposi tory 

host rock and adjacent and overlying rock formations. While engineered barr iers  are 

ta i lo red  t o  a spec i f ic  containment need, geologic barr iers  are chosen f o r  t h e i r  i n - s i t u  

properties f o r  both waste containment and isolation, 

- 
1.3.2 An Example Geologic Repository 

For purposes of  i l l u s t r a t i o n  and f o r  estimating the environmental impacts o f  develop- 

ment and implementation o f  waste disposal i n  geologic repositories, an example reposi tory 



was postulated t ha t  would have an underground area of about 800 hectares (2000 acres) and 

would be located about 600 meters ( 2000 f t )  underground. This repository area provides f o r  
reasonable waste disposal capacity and i s  achievable from both construction and operational 
points of view using conventional room and p i 1  1 ar mining techniques. Actual reposi tor ies 
mqy be larger or smaller than 800 hectares (ha) depending upon si te-speci f ic characteris- 

t ics.  

I n  t h i s  Statement salt,  granite, shale and basalt' are considered as examples o f  reposi- 
tory host rock. These rock types represent a range o f  characterist ics o f  candidate earth 

materials representative of  geologic formations that  might be considered but other rock 

types such as t u f f  may also be sui table candidates. 

Because of res t r i c t ions  o f  radioactive waste heat loading on the host rock ( to  prevent 

or r e s t r i c t  e f fects  on the rock structure) and other structural  considerations, different 
spacing of waste canisters (containers) would be required and would resu l t  i n  d i f fe ren t  

repository waste capacities f o r  a given rock type and repository area. 

The number o f  800-ha example reposi tor ies required f o r  disposal o f  spent fue l  or repro- 
cessing wastes under the di f ferent nuclear power growth assumptions described i n  Section 1.1 
i s  given i n  Table 1.3.1. The ranges given r e f l e c t  the di f ferent load capacities (both from 
a permissible heat load standpoint and because of  the d i f fe ren t  f ract ions o f  the 800 ha 

available f o r  waste emplacement) o f  reposi tor ies i n  the d i f fe ren t  host rocks. 

TABLE 1.3.1. Number of 800 Hectare Example Repositories Required for 
Various Nuclear Power Growth Assumptions 

Number o f  Repositories 
Reprocessing 

Case - Nuclear Power Growth Assumpti on Spent Fuel Wastes 

1 Present Inventory Only 0.03 t o  0.1 (4 - 
Reactors Shut Down i n  1980 

2 Present Capacity and. Normal Li fe 0.2 t o  1 (a) 
3 250 We System by Year 2000 and 1 t o  4 2 t o  5 

I Normal L i f e  

4 250 6We System& Year 2000 and ' 2 t o 5  3 t o  6 
Steadv State 

7 

5 YX) w e  System by Year ~ M X ) ( ~ )  2 t o  7 4 t o  9 

(a) If a l l  reactors are shut down i n  1980 or i f  nuclear power were t o  be res t r i c ted  
t o  present capacity there would be no economic incentive for reprocessing. 

(b) Required by Year 2040. 
I .  

As shown i n  Table 1.3.1 the subterranean area needed f o r  spent fue l  or reprocessing 

wastes from the power-generating scenarios considered i n  t h i s  Statement ranges from approxi- 
2 mately 24 ha (60 acres) t o  about 7,200 ha (18,000 acres or 24 m i  ) depending upon the scel 

nar io and the choice o f  repository media. The larger numbers of  repositories f o r  reproces- 

sing wastes are required p r inc ipa l l y  because o f  the large volumes of  TRU wastes requirtng 

disposal. 



Once licensing approvals are obtained, an approximate 5-year repository construction 
period i s  estimated, The operating period may range from 1 to 30 years or more depending on 
the size of the industry served and on the number of repositories operating concurrently. 

1.3.3 Environmental Impacts Associated w i t h  Construction and Operation of 
Example Geoloqic Repositories 

Environmental impacts associated w i t h  construction and operation of geologic reposi- 
tories include radiological impacts, both i n  the short and long term, land and other 
resource comni tments, and impacts re1 ated t o  ecological, nonradiological , aesthetic, and 
socioeconomic aspects. In the case of socioeconomic, aesthetic, and ecological impacts and 
mothetical  failures of  repositories i n  the long term, impacts are sumnarized for a single 
800-ha repository, as might be b u i l t  i n  salt ,  granite, shale or basalt and containing either 
spent fuel or reprocessing wastes. Radiological impacts of waste management and disposal, 
resource comnitments and dollar costs are sumned i n  Section 1.7 for total system require- 
ments for power growth assumptions given i n  Table 1.1.1. 

1.3-3.1. Radiological Impacts 

Radiological impacts that might be associated w i t h  repository construction (mining), 
operation and decomnissioning, as well as those that might result from unplanned events 
either before or after the repository was closed were analyzed i n  detail. The estimated 
70-year whole-body dose to a hypothetical regional population (2 million persons) from radon 
and radon daughter products as a result of repository mining operations ranges from less 
t h a n  one to 100 man-rem depending on host rock. During the time the repository was receiv- 
ing wastes (6 to  20 years), normal operations might add about 1 man-rem to this total. Dur- 
i n g  these time periods, the regional population would have received from about 1,000,000 to 
4,OOO,OOO man-rem from natural 1 y occurring, undisturbed radionucl i des. Thus, construction 
and operation of a geologic repository under normal conditions do not constitute a signifi- 
cant radiological impact. 

Accidents occurring during operati on of the repository that might have radiological 
impacts were also investigated. The accident believed to  have the largest potential radio- 
logical consequence is the dropping of a waste canister down the repository shaft and rup- 
ture of the canister on impact. The 70-year whole-body doses t o  the regional population 
from such accidents were determined to  total to less than 6000 man-rem for 20 years of waste 
emplacement i n  a repository. During the same period the regional population would receive 
about 4,000,000 man-rem from naturally occurring sources, However, doses to workers i n  the 
repository from radioactive material released i n  the event of a canister drop could be fatal  
(greater than 7,000 rem i n  first year following the accident). Engineered precautions sim- 
i lar  to those outlined i n  Section 5.4 are expected to preclude such consequences and t o  
reduce doses to workers to safe levels. - 

Results of a total system analysis of radiological and other impacts for the various 
power generating projections are sumnarized i n  Section 1.6. For those interested i n  details 
of environmental aspects of the complex interactions of predisposal and disposal activities, 
and power growth assumptions, Chapter 7 should be consulted. 



1.3.3.2 Resource Comnitments 

Various resources would be required i n  the construction and operation o f  geologic 
repositories. Ranges of sane of the more important resource *comnitments, as a function o f  
host rock, are presented i n  Table 1.3.2. The values given are based on a normalized energy 
production basis of one We-yr (about 9 b i l l i o n  kwh, equivalent t o  one large reactor operat- 
ing f o r  one year). 

Even at an instal led nuclear power capacity of 250 We operating over several decades 
the tabulated material and energy comnitments are but a small fraction o f  that  used f o r  the 

TABLE 1.3.2 Resource Conmitments Associated with Construction and Operation 
o f  Geologic Waste Repositories, Normalized t o  1 6We-yr . 

, Spent Fuel Fuel Reprocess4 ng Approximate U. S. 
Repositories Waste Repositories Annual Production 

Propane, m 3 1.6 - 2.Q 
Diesel Fuel, m3 1.2 x lo2 - 1.7 x lo2 
Gasoline, m 3 1.2 x 10' - 1.5 x 10 1 

Electr ic i ty ,  kw-hrs 1.0 x lo6 - 14 x lo6 
Uanparer,man-yrs 1 .6x101-1 .1x10  1 
Steel. MT 2.5 x 10' - 6.1 x 10 1 

Cement, MT 2.2 x 10' - 2.6 x 10 1 

Lumber, m 3 1.7 - 2.1 - 

(a) Construction and mining. 

to ta l  economy. To give additional perspective t o  the consumption of energy as foss i l  fue l  
and e lect r ic i ty ,  each was converted t o  units of energy expended i n  deep geologic disposal 
o f  waste per un i t  of energy produced by the fuel from which the waste came. I n  the case of 
spent fuel 0.04% of the energy produced was consumed i n  geologic waste disposal and i n  the 

case of fuel  reprocessing wastes 0.05% of the energy produced was consumed. On th i s  basis 
it i s  concluded that the irretr ievable comnitment of the above materials i s  warranted. 

1.3.3.3 Socioeconomic Impacts 

Socioeconomic impacts associated with the construction and operati on o f  repositories 
are dependent largely on the number o f  persons who move in to  the l oca l i t y  i n  which the 

f a c i l i t y  w i l l  be located. Sfte characteristics that are especially important i n  influencing 
the size o f  the impacts include the ava i lab i l i t y  o f  a sk i l l ed  local labor force, secondary 
employment, proximity t o  a metropol i tan area, and demographic d ivers i ty  (population size and 
degree o f  urbanization) of counties i n  the comnuting region. An addigonal factor i n  the 

generation o f  impacts I s  the time pattern of project-associated population change. For 



example, a large labor force buildup followed closely by rap id ly  declining pro ject  employ- 
ment demand could cause serious economic and social  disruptions both near the s i t e  and 

w i th in  the comnuting region. 

I n  t h i s  Statement impacts are estimated f o r  three reference sites, i den t i f i ed  as 
Southeast, Midwest, and Southwest. These areas were chosen because s i t i n g  o f  f a c i l i t i  es i n  

those regions i s  plausible and because they d i f f e r  substant ia l ly i n  demographic characteris- 

t ics,  thus providing a reasonable range of  socioeconomic impacts. 

I n  general, the reference Southwest s i t e  i s  more l i k e l y  t o  sustain s ign i f i can t  socio- 

economic impacts than are the other two sites, because it has a smaller available unemployed 
construction labor force, lacks a nearby metropolitan center, and i s  subject t o  the genera- 
t i o n  o f  greater secondary employment growth than are the other sites. If a repository were 

t o  be b u i l t  i n  an area where demographic conditions approximated th&e o f  the Southwest 

site, a detai led analysis o f  s i te-speci f  i c  socioeconomic impacts would be needed t o  help 
prevent serious disruptions i n  provision of necessary social services. 

Table 1.3.3 presents the manpower requirements f o r  construction and operation o f  a sin- 
g l  e waste repository acceptf ng ei ther spent f ue l  or reprocessing wastes. 

TABLE 1.3.3. Manpower Requirements f o r  Construction and Operation o f  a Single 
Waste Repository (three peak years) 

Averaqe Annual Employment 
Repository Spent Fuel Repository Reprocessing Waste Repository 

Medium Construction Operation Construction Operati on 

Sa l t  1700 870 2000 1300 

Granite 4200 1100 3000 1300 
Shale 2200 880 2100 1200 

Basalt 5000 1100 3800 1500 

1.3.3.4 Land Use, Ecological Impacts and Other Impacts 

At an 800-ha repository, above ground f a c i l i t i e s  ( including mining spoi ls p i les )  would 
occupy about 200 t o  300 ha depending on geologic media. An addit ional 10 ha would be used 

for access roads. An 800-ha area above the subterranean repository would be set  aside a t  
the surface, and mineral and surface r igh ts  would be restr icted. This surface land, except 

that  occupied by mining spoi ls  pi les, could be returned t o  i t s  former use when the reposi- 
t o r y  surface f a c i l i t i e s  are decomnissioned a f te r  seal i ng and closure o f  the repository. 

Presently an area equal t o  3,200 ha, centered over the repository, i s  considered necessary 

f o r  exclusion o f  nearby subsurface ac t i v i t i es .  Subsurf ace ac t i v i t i es  could be res t r i c t ed  
as long as i ns t i t u t i ona l  control  exists. ( I t  i s  expected that  t h i s  issue w i l l  be more 
closely examined f o r  site-specif i c  applications. Present plans c a l l  f o r  a reposi tory design 

tha t  does need not t o  r e l y  on i n s t i t u t i ona l  controls after closure.) - 
The main ecological concern o f  reposl t o r y  construct1 on and operati on i s  the potent i  a1 

f o r  airborne and waterborne contpmination of the environs as a resu l t  of the very large mine 
spoi ls pi les. Land near reposi tor ies I n  s a l t  could be contaminated by windblown salt; 



nearby streams could be harmed by runoff contaminated w i t h  salt. Removal of the sa l t  to a 
nonharmful environment, such as through dilute dispersal a t  sea or stabilization of the s a l t  
piles could obviate the problem. Repositories i n  shale do not appear to pose as serious a 
problem, although alteration of pyrite, a mineral found i n  shales, could lead to contamina- . 

tion of streams. The spoils piles from repositories in granite and basalt are not expected 
to have a significantly adverse affect on .the environment. 

I t  is possible that for any rock type the pile of rock l e f t  on the surface will have 
an adverse aesthetic impact. The possibility also exists that these spoils piles of rock 
(mil lions of MT), if arranged properly, could became markers identifying the locations of 
the repositories--although some would maintain that such markers eventually might actually 
enhance the probabi 1 i ty of archaeological exploration. 

I t  is concluded that, i n  a generic sense, neither land use nor ecological impacts are 
of such a magnitude as to deter development of geologic repositories or their use for dis- 
posal of nuclear radioactive wastes from comnercial power generation. 

1.3:4 Environmental Impacts i n  the Lonq Term 

Planned functioning of the geologic repository after closure w i l l  result i n  very l i t t l e  
i n  the wqy of environmental impacts, So long as institutional controls exist there will 
probably be some control of land useage above the repository. There will probably be some 
monitoring performed u n t i l  future generations dec.ide to discontinue monitoring. A1 though 
heat from the waste will ultimately reach the surface over the repository, the estimated 
temperature r i se  is expected to be less than 0.5'C i n  a l l  cases. Small amounts of uplift 
and subsidence might occur f a  repmitorles i n  salt and shale but  probably none for reposi- 
tories i n  granite and basalt. During planned functioning of the waste repository after clo- 
sure there will be no health effects attrjbutable to the repository. 

Although waste repositories will be sited, loaded, and sealed w i t h  every expectation 
that long term 'radiological impacts w i l l  be nonexistent, the ways i n  which a repositorh 
might f a i l ,  the likeli hood of its failure, and the consequences to the human environment of 
such failure were investigated i n  detail. A t  600 m below the earth's surface, it is 
extremely improbable that wastes ' i n  biol ogically important concentrations would ever reach 
the human environment. Nevertheless, several events uere postulated that might release 
repository contents, and estimates were made of the possible consequences of such release, 
i n  terms of radiation dose to, and postulated health effects among, the public. In brief, 
these events were: 

a impact of a giant meteorite directly over the repository releasing some of the 
repository'contents to the atmosphere (which is believed t o  have consequences on 
the order of other events such as volcanism and nuclear warfare that might breach 
a repository) - 

0 f a u l t i n g  or other fracturing of the host rock, followed by flooding of the reposi- 
tory with  water and either a) contamination of an emergent stream, b) slow ground- 



water transport t o  the biosphere, or c) contaminatiw of a near surface aquifer 
that had been tapped by a well 

human intrusion by drilling for exploration 

solution mining of sa l t  i n  the case of a repository i n  salt. 

The doses to the reglonal population were calculated for each event and then the number of 
radiation-related health effects was determined by applying a conversion factor of from 
100 to 800 health effects (50 to 500 fatal cancers plus 50 to  300 serious genetic disorders) 
per million man-rem (as developed i n  Appendix E). The results were then multiplied by the 
probability (where determinable) that the event would occur, to obtain a measure of expected 
societal risk. 

Societal risk i n  each case where p rob l i l i t i e s  could be estimated were very small; for 
example, i n  the case of bread by a giant meteorite whose probability was estimated to  

5 be 2 x 1 0 - ~ ~ / y r  and where the largest calculated consequences were 1.4 x 10 health effects, 
the societal risk amounted t o  3 x lo-* health effectslyr, and i n  the case of faulting and 
flooding the societal risk amounted to 3 x 10-l1 health eff ectslyr. For comparison, the 
expected societal risk from lightning i n  the population of 2 million, i n  the reference envi- 
ronment, i s  about 1 fata l i ty  per year. In the worst case of general contamination of water, 
not more t h a n  one radi ation-re1 ated fatal i ty was projected to result over a 10,000-year 
period. 

A1 though believed t o  be highly unlikely because of the extreme depth of the repository, 
no probability could be assigned to the act of drilling into a repository. If,  however, 
drilling d id  take place w i t h i n  the surface projection of the repository area and to the 
depth of the repository, the probability was determined to be 0.005 per 1000 drill holes 
(based on relative cross-sections a d  spatial density of canisters in the repository) that 
a waste canister would be intercepted. If drilling took place about 1000 yrs after disposal 
and a high-level waste canister were penetrated, the contaminated drilling mud, when brought 
to the surface, could result i n  a small increase i n  risk of adverse health effects occuring 
among about two dozen people postulated to live i n  the imnediate area, if no cleanup takes 
pl ace. 

Even if drilling into the repository were to occur without canister penetration the 
dri l l  hole might constitute a conduit for entry of water into the repository. Mechanisms 
to return the water to the biosphere are more difficult t o  postulate. ~ e ~ a r d l e s s ,  if this 
event took place, the consequences are believed to be significantly less than those result- 
ing  from faulting and flooding scenarios also. discussed i n  this Statement. 

Because of the abundance of s a l t  i n  this country, and i t s  frequent location a t  depths 
much less than 600 m, the chance of solution mining near a repository i n  bedded sa l t  forma- 
tions i s  believed to be remote. However, solution mining i n  a domed sal t  formation is 

- - 
(a) The production rate of the hypothetical sa l t  solution mine was estimated to be suffi- 

cient to supply sa l t  for about 40 million people. 



believed t o  be much more likely. Part of the reason for this is that there may be geologic 
surface features that suggest the presence of domed salt; however these features are absent 
for deeply bedded salt. Assuming that a repository i n  salt was breached i n  the course of  
solution mining for salt and that salt was mined for one year before i t  was discovered to 
be contaminated, doses about one-tenth of those from naturally occurrf ng sources were calcu- 
lated to result among the 40 million people assumed to be consuming the contaminated 
salt.(a) Health effects were also estimated to be about one-tenth of those that might be 
attributable f ran natural background. 



1.4 ALTERNAT I M ACTION--BALANCED DEVELOPMENT OF ALTERNATIVE DISPOSAL METHODS(~) 

The a1 ternat ive program strategy ca l l i ng  f o r  bat anced development o f  several a1 terna- 

t i v e  methods requires selection o f  some other disposal a l ternat ive(s) i n  addi t ion t o  mined 

geologic repositories. The f o l l  w i n g  disposal methods are analyzed as candidates f o r  con- 

sideration i n  the a l ternat ive waste disposal program. and from t h i s  analysis, mined 

geologic, very deep hole, and subseabed disposal are i d e n t i f i e d  as the most l i k e l y  

candidate technologies f o r  balanced development. 

1.4.1 Very Deep Hole Waste Disposal Concept 

A very deep hole concept has been suggested t ha t  involves the placement o f  nuclear 

waste i n  holes i n  geologic formations as much as 10,000 meters (6 miles) underground. 

Potenti a1 rock types f o r  a reposi tory o f  t h i s  k ind include crysta l1  ine and sedimentary rocks 

located i n  areas o f  tectonic and seismic s t ab i l i t y .  

Spent f ue l  or high-level waste canisters could be disposed o f  i n  very deep holes. How- 
ever, i t  i s  not economically feasible t o  dispose o f  high-volume wastes (e.g., TRU) i n  t h i s  
manner and thus another alternative, such as deep geologic repositories, i s  also required 

if spent f ue l  i s  reprocessed. There i s  some question whether or not d r i l l i n g  o f  holes t o  

the depths suggested and i n  the sizes required can be achieved. 

The p r inc ipa l  advantage of the very deep hole concept i s  tha t  cer ta in  (but not a l l )  

wastes can be placed far ther  from the biosphere, i n  a locat ion where it i s  believed tha t  
c i r cu la t ing  ground water i s  un l i ke ly  t o  comnunicate w i th  the biosphere. 

1.4.2 Rock Melt Waste Disposal Concept 

The rock melt concept for radioact ive waste disposal c a l l s  for the d i r ec t  placement o f  

1 iquids or s lu r r ies  of high-1 eve1 wastes or dissolved spent fuel, w i th  the possible addi t ion 

o f  small quant i t ies of other wastes, i n t o  underground cavit ies. After the water has evapo- 

rated, - the heat from radioact ive decay would melt  the surrounding rock. The melted rock has 

been postulated t o  form a complex waste form by react ion w i th  the high-level waste. I n  
about 1000 years, the waste-rock mixture would reso l  i dify, trapping the radioact ive materi a1 

i n  what i s  believed t o  be a r e l a t i ve l y  insoluble matr ix deep underground. Since so l i d i f i ca -  
t i o n  takes about 1000 years the waste i s  most mobile during the period of greatest f i s s i on  

product hazard. 

Not believed t o  be sui table for rock melt  disposal are wastes from reprocessing act i -  

v i t i e s  such as hulls, end f i t t i ngs ,  and TRU wastes remaining a f t e r  dissolution. Because o f  

the i n a b i l i t y  t o  accornnodate these wastes, some other disposal method would have t o  be used 

i n  conjunction wi th  the rock melt disposal concept: 

- 

(a) Analyses developed i n  t h i s  Statement under the a l ternat ive proGam evaluate the environ- 
mental impacts o f  deferring implementation of a disposal program u n t i l  the year 2030. 
This s i tuat ion can also be interpreted as demonstrating impacts tha t  would r esu l t  from a 
delayed disposal program. 



1.4.3 I s1  and-based Geologic Disposal Concept' 

Island-based disposal involves the emplacement o f  wastes wi th in  deep stable geological 
formations, much as i n  the conventionally mined geologic disposal concept and i n  addit ion 
r e l i e s  a unique bdro log ica l  system associated wi th  is land geology. Island-based dispo- 
sal would accomnodate a l l  forms o f  waste as would conventionally mined geologic disposal; 
however, addit ional por t  f a c i l i t i e s  and addit ional transportation steps woulda be required. 
Remoteness o f  the probable candidate islands has been c i t ed  as an advantage i n  terms of 
isolation. 

1.4.4. Subseabed Disposal Concept 

It has been suggested that  wastes could be isolated fran the b i  osphere by emplacement 
i n  sedimentary deposits beneath the bottom o f  the deep sea (thousands o f  meters below the 
surf  ace), which iave been deposited over m i l l i ons  o f  years. The deposits have been shown 
by laboratory experiments t o  have high sorptive capacity f o r  many radionuclides that  might 
leach from breached waste packages. The water column i s  not considered a barrier, however ' 

it w i l l  i n h i b i t  human intrusion and can contribute to d i l u t i on  by dispersal o f  
radionucl i des that  might escape the sediments. 

One subseabed disposal system incorporates the emplacement o f  appropriately treated 
waste or spent reactor fue l  i n  f ree- fa l l  needle-shaped npenetrometersn that, when dropped 
through the ocean, would penetrate about 50 t o  100 m i n t o  the sediments. A ship designed 
f o r  waste transport and placement would transport waste from a por t  f a c i l i t y  t o  the disposal 
s i t e  and would be equipped to emplace the uaste containers i n  the sediment. 

Subseabed disposal i s  an at t ract ive al ternat ive disposal technique because technical ly 
it appears feasible that, 'at .least f o r  high-level waste and spent fuel, the waste can be 
placed i n  areas having re l a t i ve l y  high assurance of s tab i l i t y .  If at  some point  i n  time a l l  
o f  the barr iers fai led, the great d i lu t ion  and slow movement should re tard the re turn o f  
radionuclides t o  the human environment i n  b io log ica l l y  important concentrations. The 
research needed to technical ly permit subseabed disposal t o  go forward has been projected 
not to be as cost ly  or time consuming as some other alternatives. On the other hand, l i k e  
island-based geologic disposal, the subseabed concept has the disadvantage o f  the need f o r  
special po r t  f aci 1 i t ies  and for addit ional transportation steps i n  comparison t o  mined 
repositories on the continent. 

As noted, subseabed disposal i s  believed t o  be technologically feasible; however, 
i nternat i  anal and domestic legal  problems t o  i t s  implementation would require favorable 
resolution. Whether subseabed disposal can provide iso la t ion o f  wastes equal t o  that  o f  
deep geologic repositories has not been f u l l y  assessed. Because of volume considerations, 
subseabed disposal does not appear pract ica l  f o r  TRU wastes and some other method would be 

(a) required for t he i r  disposal. - 

(a) Trenches i n  the ocean f loor  have been suggested as a mans of  disposing o f  higher 
volume, but Jess radioactive wastes. 



1.4.5 I ce  Sheet Disposal Concept - 

Disposal i n  continental i ce  sheets has been suggested as a means o f  i so l a t i ng  high- 

1 eve1 radioact ive waste. Past studies have spec i f i ca l l y  addressed the emplacement o f  waste 

i n  e i ther  Antarct ica or Greenland. The alleged advantages o f  i ce  sheet disposal, which are 

disposal i n  a cold, remote area and i n  a medium tha t  should i so la te  the wastes from man f o r  

many thousands o f  years, cannot be proven on the basis of  current knowledge. 

Proposals f o r  Sce sheet disposal o f  high-level waste and/or spent f ue l  suggest three 

emplacement concepts: (a) 

Passive slow descent--waste i s  emplaced i n  a shallow hole and the waste canister 

me1 t s  i t s  own way t o  the bottom o f  the i ce  sheet 

Anchored emplacement--similar t o  passive slow descent but an anchored cable l i m i t s  

the descent depth and allows re t r ieva l  o f  the canister and prevents movement t o  

the bottom o f  the sheet. 

Surface storage--storage f a c i l i t y  supported above the i c e  sheet surf  ace wi th  even- 

tua l  slow melt ing i n t o  the sheet. 

Ice sheet disposal, regardless of the emplacement concept, would have the advantages 

o f  remoteness, low temperatures, and i so la t ing  e f fec ts  o f  the ice. On the other hand, 

transportation and operational costs would be high, i ce  dynamics are uncertain, and adverse 

global c l imat ic  e f fec ts  as a r esu l t  of  melt ing o f  port ions o f  the i c e  are a remote possi- 

b i l i t y .  The Antarct ic Treaty now precludes waste disposal i n  the Antarc t ic  i ce  sheet. 

The a v a i l a b i l i t y  o f  the Greenland i ce  sheet for  waste disposal would depend upon acceptance 

by Denmark and the local'government o f  the is land i t s e l f .  

A great deal o f  research appears t o  be needed before the potent ia l  o f  i c e  sheet dispo- 

sal i s  determined. Even though the apparent bowl-shaped i ce  cap o f  Greenland would r e s u l t  

i n  the wastes melt ing to  the bottom o f  the bowl where they might remain permanently, the 

consequences o f  release o f  radioact ive decay heat t o  the i c e  are uncertain. Because o f  

weather extremes and environmental conditions on the i ce  sheets, d i f f i c u l t i e s  are a1 so pre- 

dicted f o r  transportation o f  the wastes t o  the s i te,  waste emplacement and s i t e  characteri- 

zation. 

1.4.6 Well In jec t ion  Disposal Concepts 

Two methods o f  well  i n jec t ion  have been suggested: deep well l i q u i d  i n j ec t i on  and 

shale/grout in ject ion.  

Deep well l i q u i d  in jec t ion  involves pumping acidic l i q u i d  waste t o  depths o f  1000 t o  

5000 m (3,300 t o  16,000 ft) i n t o  porous or fractured s t ra ta  tha t  are su i tab ly  iso la ted from 

the biosphere by r e l a t i v e l y  impermeable overlying strata. The waste i s  expected t o  remain 

(a) Present concepts f o r  waste disposal i n  i ce  sheets c a l l  f o r  TRU reprocessing waste t o  be 
placed i n  mined geologic waste repositories. 



i n  liquid form and may thus prog&ssively disperse and diffuse throughout the host rock. 
Unless limits of movement are well defined, this mobility w i t h i n  the porous host media for- 
mation would be of concern regarding eventual release to the biosphere. 

For the shalelgrout injection alternative, the shale is  fractured by high-pressure 
injection and thensthe waste, mixed w i t h  cement and clays, is injected into the fractured 
shale formations at depths of 3300 to 500 m (1000 to 1600 f t )  and allowed to solidify i n  
place i n  a set of t h i n  solid disks. Shale has very low permeability and predictably good 
sorption properties. The formations selected for injection would be those in which I t  can 
be shown that fractures would be created parallel to the bedding pianes and i n  uhich the 
wastes would be expected to remain w i t h i n  the host shale bed. This requirement is  expected 
to limit the injection depths t o  the range stated above. 

This  alternative is  applicable only to reprocessing wastes or t o  spent fuel that has 
been processed to liquid or slurry fom. Therefore, well injection is not sufficient to 
dispose of all wastes generated, and a suitable additional technique would be required. 

1.4.7 Transmutation Concept 

In the reference transmutation concept, spent fuel would be reprocessed to recover 
uranium and plutonium (or processed to obtain a liquid high-level waste stream i n  the case 
where uranium and plutonium are not to be recycled). The remaining high-level waste stream 
Is partitioned into an actinide waste stream and a fission product stream. The fission 
product stream is concentrated, solidified, and sent to a mined geologic repository for dis- 
posal. The waste actinide stream is combined wi th  uranium or uranium and plutonium, fabri- 
cated into fuel rods, and reinserted into a reactor. In the reactor, about 5 to'7% o f  the 
recycled uaste actinides are transmuted to stable or short-lived isotopes, which are sepa- 
rated out during the next recycle step for disposal i n  the repository. Numerous recycles 
would result i n  nearly complete transmutation of the waste actinides; however, additional 
waste streams are generated w i t h  every recycle. Transmutation, however, provides no 
reduction i n  the quantities of long-lived fission product radionuclides such as "Tc and 
12'1 i n  the fission product stream that is sent to geologic disposal. 

1.4.8 Space DSsposal Concept 

Space disposal has been suggested as a unique option for permanently removing high- 
level nuclear wastes f ran the earth's environment. In the reference concept, high-level 
waste is formed into a ceramic-metal matrix, and packaged i n  special flight containers for 
insertion into a solar orbit, where it would be expected to remain for at least one mlllion 
years. T he National Aeronautics and Space Administration (NASA) has studied several space 
disposal options since the early 1970s. The concept involves the use of  a special space 

. shuttle that would carry the waste package to a low-earth orbit where a transfer vehicle 
vould separate from the shuttle and place the waste package and another propulsion stage 
into an earth escape trajectory. The transfer vehicle would return to the shuttle while 
the remaining rocket stage inserts the waste into a solar orbit. 



Space disposal is  of interest because once the waste i s  placed -in orbit its potential 
for environmental impacts and human health effects i s  judged t o  be nonexistent. However, 
the risk of launch pad accidents and low earth orbit failures have not been determined, 

The space disposal option appears feasible for selected long-lived waste fractions of 
radion~clides such as 12'1, or even for the total amount of reprocessed high-level waste 
that w i l l  be produced. Space disposal of unreprocessed fuel rods and other high volume 
wastes does not appear economically feasible or practical because of the large number of 
flights involved. 



1.5 NO-ACTION ALTERNATIVE 

The no-action alternative would leave spent fuel or reprocessing wastes at the s i tes  
generating the waste or possibly at other surface or near-surface storage facil l t ies for an 
indefinite time. In this alternative, existing storage i s  known to be temporary and no con- 
sideration has been given to the need for additional temporary storage when faci l i t ies  i n  
use have exceeded their design l l f  etime. There seems t o  be no question bu t  that at some 
point iri time wastes will require disposal and that considerable time and effort w i l l  be 
required to sett le upon an adequate means of disposal. I t  seems clear that development of 
acceptable means of disposal of  wastes i s  sufficiently complex and of sufficiently broad 
national importance that coordination of research and development, construction, operation, 

and regulation at the Federal level i s  required and that the no-action alternative i s  unac- 
ceptable. Indeed, adoption of a no-action alternative by the Department of Energy could be 
construed as not permissible under the responsibility mandated to the Department by law. 
Neither would a no-action alternative be In accord w i t h  the President's message of 
February 12, 1980, when he stated that m...resolving.. .civilian waste management problems 
shall not be deferred to future generations." 



After the wastes are generated and before they are disposed of, several predisposal 
operations are required. The combination of these operations is referred t o  as a predispo- 
sal system. System operations include treatment and packaging t o  prepare the waste for the 
specific requirements of a disposal option, interim storage if the treated waste cannot be 
shipped immediately t o  a disposal s i te ,  shipment t o  interim storage and/or to a disposal 
s i te ,  and decommissioning of the waste treatment and storage faci l i t ies .  In considering 
various alternatives for  disposal of wastes, different operations for predisposal treatment 
required by each alternative must also be compared. 

A l l  of the alternatives that  u t i l i ze  a dissolution process would also generate con- 
siderable quantities of miscellaneous TRU waste. I t  i s  assumed here that  these materials 
are always sent to a mined geologic repository regardless of the disposal option selected 
for  high-level waste. 

1.6.1 Predisposal System for  the Once-Through Cycle 

Following discharge from the reactor, spent fuel i s  stored for a period of time a t  
reactor storage basins. The fuel is then shipped t o  a treatment and/or packaging f a c i l i t y  
if a disposal f ac i l i t y  i s  available. If a disposal f ac i l i t y  i s  not available a t  the end of 
the reactor storage period, the fuel i s  assumed t o  be shipped to an away-from-reactor (AFR) 
storage f ac i l i t y  and subsequently shipped to available repositories. Glhen a disposal faci l -  
i t y  is available a t  the end of the reactor storage period, the fuel is shipped t o  a treat- 
ment and/or packaging faci l i ty .  If the disposal s i t e  i s  separate from the treatment and/or 
packaging fac i l i ty ,  the fuel is then shipped t o  the disposal site. 

Ini t ial  storage and shipment operations are identical for a l l  of the disposal alterna- 
tives. The differences imposed on the predisposal systems by the disposal alternatives are 
i n  the treatment and/or packaging and final shipment to  disposal. 

1.6.2 Predisposal System for the Reprocessing Cycle 

In the reprocessing cycle, wastes requiring disposal are produced a t  the fuel repro- 
cessing plant (FRP) and a t  the mixed-oxide fuel fabrication plant (MOX-FFP). Both high- 
level waste and TRU waste are produced a t  the FRP b u t  only TRU wastes are produced a t  the 
MOX-FFP. These wastes are assumed to be treated and packaged a t  the s i t e  where they are 
produced, either the FRP or MOX-FFP. They are then shipped to interim storage if a disposal 
f ac i l i t y  is not available; finally, they are shipped to a disposal faci l i ty .  

1.6.3 Accident Impact Summary for  Predisposal Operations 

Table 1.6.1 sumnarizes the results of the predisposal-system accident analyses. This 
table shows that transportation i s  the waste management step w i t h  the potential for  the 

. .- 

(a) A1 though this section is very brief, predisposal systems involve many fac i l i t i e s ,  
operations, and processes and for those interested, details are given in Chapter 4. 



TABLE 1.6.1. Sumnary of  Radiation Effects from Potential - Worst-case 
Predisposal System Accidents 

70-Y ear Dose t o  Maximum-Exposed Ind iv i  dual, rem 
Once-Through Cycle Reprocessina Cycle 

Transportation 
(impact and f i r e )  

Spent Fuel 0.6(a) 
(4-year-01 d) 

HtW 

TRU Waste 

Storage 5 x 10-2 8 x 10-3 

Treatment and 
Packaging 

(a) Shlpment o f  6-month-old spent fuel, which i s  unlikely, could resu l t  i n  
a maximum individual dose o f  130 rem. 

(b) The age of  HLW at  shipment i n  the scenario used i n  th is  Statement would be 
about 6 4 2  years old. 

most serious accidents i n  either fue l  cycle. The estimated exposures i n  these accidents, 
however, are not large enough to cause observable c l i n i c a l  effects. Only i n  the case o f  an 
accident involving shipment of  6-month-old fue l  was the dose (130 rem) determined t o  be 
su f f i c i en t l y  large that the individuals exposed would have a signi f icant increase i n  prob- 
a b i l i t y  o f  developing cancer sometime during the i r  l i f e  or o f  passing on a genetic defect. 



1.7 ENV IRONMENTAL IMPACTS OF PROGRAMMATIC ALTERNATIVES FOR THE ONCE-THROUGH AND THE 

REPROCESSING FUEL CYCLE OPTIONS AND VARIOUS NUCLEAR POWER GROWTH ASSUMPTIONS 

To assess and compare the overa l l  impacts o f  implementing the three programnatic a l te r -  

natives addressed i n  t h i s  Statement, an analysis was made using a computer simulation o f  

the complete waste management system functioning over the ent i re  post- f iss ion l i f e t i m e  o f  a 

nuclear power system. This analysis considers treatment and disposal o f  a l l  post-f iss ion 

high-level wastes (spent fuel or reprocessing HLU), airborne wastes(a) and transuranic (TRU) 

wastes including decomnissioning wastes. I n  t h i s  analysis a l l  waste management functions are 

accounted f o r  and a l l  radioactive waste streams are tracked each year from o r i g i n  through 

treatment, storage, transport and accumulation i n  a disposal repository. 

Both the once-through cycle and the reprocessing cycle are addressed f o r  the proposed 

and a1 te rna t i  ve programnatic actions for  the nuclear power scenarios presented i n  

Table 1.1.1. For the no-action alternative, i nde f in i te  storage o f  spent f ue l  i n  water basin 

f a c i l i t i e s  wi th  no ul t imate disposal was assumed and reprocessing i s  not considered. Only 
the f i r s t  three nuclear growth cases are considered for the no-action a1 ternative, because, 

without disposal, growth of nuclear power beyond year 2000 does not appear credible. 

DOE estimates that  implementation of the proposed program w i l l  r e su l t  i n  the establish- 

ment o f  operating geologic repositories wi th in  the time range o f  1997 t o  2006. An exact 

date o f  operation, depending on a number o f  variables, w i l l  be determined by the outcome o f  

ex is t ing  programs. To cover addit ional contingencies such as an accelerated e f f o r t  t o  open 

a reposi tory or, a t  the other extreme, addi t ional  delays f o r  reasons not yet  foreseen, a 

range o f  reposi tory startup dates from 1990 t o  2010 i s  considered here. The range o f  

impacts i s  important i n  t h i s  simulation rather than the specif ic dates o f  reposi tory 

startup. 

Implementation o f  the al ternat ive program would r e s u l t  i n  extending the time t o  opera- 

t i o n  o f  the f i r s t  disposal system. This action implies a fu r the r  period o f  research and 

development t o  br ing the development status of the selected disposal a l ternat ives t o  an 

approximately equal status with current know1 edge regarding geologic disposal. A t  t ha t  

time, a preferred technology would be selected and ef for t  would be concentrated on develop- 

i n g  t h i s  preferred technology with a program s im i la r  t o  the cur rent ly  planned program f o r  

implementing geologic disposal. Thus a substantial time delay i s  inherent i n  t h i s  alterna- 

t ive .  Implementation of t h i s  a1 ternat ive program i s  simulated by a range o f  repos i tory  

startup dates from 2010 t o  2030. 

I n  the system analysis, mined geologic reposi tor ies are used t o  simulate the disposal 

method u l t imate ly  selected under the al ternat ive program. (This concept i s  the only one 

developed s u f f i c i e n t l y  t o  model impacts and costs reasonably we1 1, and any a1 ternat ive dis-  

posal concept t h a t  might be selected would only be selected if it d id  not have s i g n i f i c a n t l y  

greater impacts or costs .) The pr inc ipa l  effects o f  the a1 t e rna t i  ve program imp1 ementation 

are the required in ter im storage for  spent fuel o r  reprocessing w a s k ,  the addi t ional  

(a )  Airborne wastes from nuclear power plants are not considered i n  t h i s  Statement because 

such wastes are considered i n  the EIS prepared for  each nuclear power plant. 



transportation t o  and from t h i s  itorage and the impacts and costs for. these operations. 
Benefits of the delay inherent i n  this alternative program include the processing and dispo- 
sal of older and thus less radioactive and cooler wastes. 

Repository startup dates considered i n  the once-through cycle and reprocessing cycle 
system simulations are shown i n  Tables 1.7.1 and 1.7.2, respectively. The range of repro- 
cessing startup dates considered is also shown i n  Table 1.7.2. To simplify the analysis 
only a single mid-range repository startup date, year 2000 representing the proposed program 
and 2020 representing the alternative program, was used for Cases 4 and 5. For the same 
reason only a single mid-range reprocessing date was used for these cases. However, the 
same potential range as i n  the other cases should be inferred for both repositories and 
reprocessing. 

TABLE 1.7.1. Repository Startup Dates Considered i n  the Once-Through-Cycle 
System Simulations 

No-Act ion 
Nuclear Power Growth Cases Pro osed Pro ram Alternative Program Alternative 

1. Present Inventory Only i k z h  2010( a) to 2030 None 
2. Present Capacity and 1990 to 2010(~) 2010(~) to  2030 None 

Normal Life 
3. 250 Me System by Year 2000 1990 to 2010(~) 2010(~) to  2030 None 

and Normal Life 
4. 250 We System by Year 2000 2000 . 2020 -- 

and Steady State 
5. 500 Qle System by Year 2040 2000 2020 -- 

(a) These cases are the same under both the proposed and alternative programs. 

TABLE 1.7.2, Reprocessing and Repository Startup Date Combi nations 
Considered i n  the Reprocessing-Cycle System Simulations 

A1 ternative Program 
Nuclear Power Growth Cases Reprocessinq Repository 
Present Inventory 
Present Capacity and 
Normal Life 
250 We System by Year 2000 
and Normal Life 

250 We System by Year 2000 
and Steady State 
500 We System by Year 2040 

2010 2030 
MOO 2000 2020 

(a) NA = not applicable, Reprocessing assumed not to  be undertaken i n  these lowgrowth 
cases. - 

(b) These cases are the same under both the proposed and alternative programs. 



1.7.1 System Radiological Impacts 

Both the regional (reference environment o.f 2 m i l  1 ion persons) and worldwide 70-year 

whole-body dose accumulations for the proposed program, the a l ternat ive program, and the no- 

action al ternat ive are compared f o r  the once-through cycle i n  Table 1.7.3. Somewhat higher 

dose accumulations are indicated f o r  the al ternat ive program than f o r  the proposed program. 
However, the differences are not large enough t o  be s ign i f icant .  The dose accumul a t i  on 

f o r  the no-action a l ternat ive i s  somewhat less than for the other alternatives, but consider- 

ing the time period involved, the differences are not s igni f icant.  As would be expected, the 

dose increases wi th  increasing size o f  the nuclear systems served. 

TABLE 1.7.3. Comparison o f  70-Year Whole-Body Dose Accumulations from Normal Operations 
f o r  the Program A1 ternatives Using the Once-Through Cycle, man-rem 

Case - 
1 

2 

3 

4 

5 

Proposed Program Alternat ive Program 
(Geologic Disposal (Disposal S ta r t ing  

Nuclear Power Star t inq 1990 - 2010) 2010 - 2030) No-Action A1 ternat ive 
Growth Assumpti on Regional Worldwide Regional Worldwide Regional Worldwide 

Present Inventory 
Only 36 

Present Capacity 200 to  
Normal L i f e  250 

250 Gk System by 
Year 2000 and 940 t o  
Normal L i f e  1200 

250 GWe System by 
Year 2000 and 
Steady State 1400 

500 GWe system by 
Year 2040 1900 

Dose Accumul a- 
t i on  from Natural 
Radiation Sources 1 x lo7  

(a) NA = not applicable. 

The regional and worldwide 70-year whole-body dose accumulations for the proposed and 

a1 ternat ive programs are compared for the reprocessing case i n  Table 1-7.4. The doses are 
much 1 arger here than i n  the once-through cycle. However, the dose from reprocessing i s  
only a small f r ac t i on  o f  the na tu ra l l y  occurring dose even i n  the highest nuclear growth 

case examined here; i .e., 0.5% o f  the regional dose and 0.003% o f  the worldwide dose. The 

doses from ei ther  the proposed program or the a l ternat ive program are the same. The re- 

gional and worldwide dose i s  accumulated p r i nc i pa l l y  (about 95%) from the waste treatment 

operations and the same quant i t ies o f  waste are treated i n  e i the r  alt3rnative--the only 

difference i s  that  waste production and treatment occur a t  d i f ferent  times. 

(a)  Result i n  less than one addit ional health ef fect  as w i l l  be. shown i n  fo l lowing tables. 



TABLE 1.7.4. Comparison of 70-Year Whole-Body Dose Accumulations f r  Normal Operations for P" the Program Alternatives Using the Reprocessing Cycle, a) man-rem 

Proposed Program A1 ternative Program 
(6eologic Disposal) (Disposal Starting 

Nuclear Power Starting 1990 - 2010) 2010 - 2030) No-Action Alternative 
Case Growth Assumption Resional W - orldwide Regional Worldwide Regional Worldwide 

Present Inventory 
Only NA( b) 

Present Capacity 
and Normal Life NA 

250 GWe System by 
Year 2000 and 13,000 
Normal Life to  33,000 

250 We System by 
Year 200 and 
Steady State 33,000 

500 GWe System by 
Year 2040 46,000 

Dose Accumu 1 a- 
tion fran Natural 
Radiation Sources 1 x lo7 

(a) Assumed reprocessing startup dates range from 1990 t o  2000. 
(b) NA = not applicable. 

In this  Statement, 100 to 800 health effects (50 t o  500 total  cancers p lus  50 to  
300 serious genetic disorders) are postulated to  occur in the exposed population per million 
man-rem. Based on this criterion, the program alternatives are compared on the basis of 
health effects i n  Table 1.7.5 for  the once-through cycle and Table 1.7.6 fo r  t h e  reproces- 
sing cycle. 

For the once-through cycle, w i t h  the high nuclear growth assumption, the number of 
health effects range f i b  0 to  2 on a regional basis and 0 to  3 on a worldwide basis. In 
the reprocessing case, the number of'health effects are larger. For the high nuclear 
growth assumption, they range from 5 to  37 health effects on a regional basis and from 140 
t o  1100 on a worldwide basis. However, the health effects calculated t o  occur over the 
same period from naturally occurri ng radioactive sources range from 1000 t o  8000 health 
effacts to the regional population and 4 x lo6 to 4 x lo7 health effects to  the worldwide 
population. 

1.7.2 System Resource Comnitments 

Estimates of major resource comnitments fo r  construction and operation of the ent ire  
waste management system were developed for each of the nuclear growth - assumptions and each 
repository and reprocessing startup date. The resources considered include steel,  cement, 
diesel fuel, gasoline, propane, electr ici ty and manpmer. 



TABLE 1.7.5. Comparison of Health Effects f o r  the Program A 
Using the Once-Through Cyclle 

ternat i res  

Number o f  Ef fects  
Proposed Program Al ternat ive Prooram 

Nuc 1 ear Power startin; 1990 '- 2010) 
Reqi onal Worldwide 

No-Action A l ternat ive 
Regional Worl dwlde Case Growth Assumption - 

1 Present Inventory 
Only 

2 Present Capacity 
and Normal L i f e  

3 250 GWe System by 
Year 2000 and 
Normal L i f e  

4 250 GWe System by 
Year 2000 and 
Steady State 

5 500 GWe System 
by Year 2040 

~- -- 

(a) hlA = not applicable. 

TABLE 1.7.6 Comparison of Health Effects f o r  the Program Alternat ives 
Using the Reprocessing Cycle 

Number o f  Ef fects 
Proposed Program Al ternat ive Proaram 

( Geolwic ~ i s 6 o s a l  (Disposal s ta r r ing  
2010 - 2030) No-Action A1 te rna t i ve  

Regional Worldwide Regional Worldwide 
Nuc 1 ear Power ~ t a r t i n ~ " 1 9 9 0  -' 2010) 

Growth Assumption ' Regional Worldwide Case - 
1 

2 

3 

4 

5 

Present Inventory 
Only NA( a) NA 

Present Capacity 
and Normal L i f e  N A NA 

250 GWe System by 
Year 2000 and 
Normal L i f e  1 t o  26 6 t o  750 

500 GWe System by 
Year 2040 3 t o  27 100 t o  800 

500 GWe System by 
Year 2040 5 t o  37 140 t o  1100 5 t o  37 140 t o  1100 N A NA 

(a) NA = not applicable. 



For the proposed program, resource requirements for reprocessing are somewhat higher 
than for the once-through cycle i n  the case of steel, cement, electricity, and manpower; are 
about the same to somewhat higher for diesel fuel and gasoline; and are substantially higher 
for propane. The higher propane requirement results from inc ineration of combustible waste. 
Gasoline and diesel .fuel are used primarily i n  transportation. These fuel requirements are 
based on present practice and can be expected to change as fuel use patterns change gener- 
ally. The propane requirements for the reprocessing cycle represent about 0.5% of the total 
U.S. consumption for the period to year 2050 assuming current consumption rates hold con- 
stant. The largest diesel fuel use amounts to  about 1% of total U.S. consumption over the 

Electricity consumption amounts to 0.02 to 0.05% to  the total energy generated 
by the nuclear power system i n  this case. 

The resource comnitments for the program alternatives us1 ng the once-through cycle 
increase as the sIze of the nuclear system served increases. With the exception of the pre- 
sent inventory case which changes only slightly, requirements for the alternative program 
compared to the proposed program tend to range up t o  2 t o  3 times higher for steel, cement, 
gasoline, propane, and manpower and modestly higher for diesel fuel and electricity. 
Requirements for the no-actton alternative are zero i n  the present inventory case and are 
about the same as the alternative program for steel, cement, gasoline, propane, and manpower 
b u t  diesel and electricity consumption are much lower. 

Resource cmitments for the program alternatives i n  the reprocessing cycle tend to be 
about the same to sanewhat higher than for the proposed program requirements. 

1.7.3 ~ystenk Costs ( b) 

Both totql cost and levelized(~) u n i t  costs (per LWh) were developed. These costs 
include al l  waste treatment, storage, transport and disposal costs for wastes resulting 
from nuclear power generation through the year 2040. The costs also include DOE'S research 
and development and repository s i te  qualification costs which are assumed to be recovered 
through fees charged to the ut i l i t ies  for storage and disposal. The cost ranges consider 
four different disposal media. 

In terms of total costs, the costs increase w i t h  increasing size of the nuclear system 
b u t  are disproportionately h i g h  for the very law-growth cases. The estimated costs range 
from $5 to $12 billion for the present inventory case (Case 1). to $80 to $150 billion for 
the system that reaches 500 We installed capacity i n  the year 2040 (Case 5). Of these 
totals, the estimated R&D and multiple-site qualification costs range from $2.9 to $3.6 
billion a t  the low end of the proposed program to $9 to  $10 billion a t  the high end of the 

While a comnitment of 1% of current U.S. consumption may appear small, some comnenters 
on the draft Statement viewed such a quantity as excessively large i n  terms of commit- 
ment for a single industrial use. I t  should be noted that resource needs have been 
approximated for this final Statement. I t  is  believed that optimizing, for instance i n  
terms of sh ipp ing  distances, could result i n  reduction of quant'fiies of resource 
reau i red. 
~ l l  costs are cited i n  terms of 1978 dollars. 
Levelized U n i t  Cost = Annualized Capital and Operating Costs 

Annualized Units Produced 



alternat ive program. The range o f  costs f o r  the a l ternat ive program i s  higher than the 

proposed program f o r  the once-through cycle but about the same f o r  the reprocessing cycle, 

Costs f o r  the no-action a l ternat ive are about the same as the low end o f  the range f o r  the 

proposed program. 

The costs can be bet ter  placed i n  perspective when shown as u n i t  costs per kldh o f  

generated e l ec t r i ca l  energy. The level ized un i t  costs are sens i t ive  t o  the discount r a t e  

used (cost of  money). Because waste management costs are incurred a f te r  the generation of 

the e lec t r i c i t y ,  increasing the discount ra te  has the ef fect  o f  reducing the u n i t  cost. A 
range o f  discount rates from 0 t o  10% i s  considered i n  t h i s  Statement and a 7% ra te  was 

selected f o r  i l l u s t r a t i o n  i n  t h i s  sumnary. Since the u n i t  cost f o r  the once-through cycle 

and the reprocessing cycle are similar, the u n i t  costs for the program al ternat ives are com- 

pared i n  Table 1.7.7 without dist inguishing the cost range for each f ue l  cycle. Costs are 
somewhat higher when a 0% discount r a te  i s  used and s l i g h t l y  lower wi th  a 10% discount rate, 

On t h i s  basis there i s  l i t t l e  difference between the proposed program and a l ternat ive pro- 

gram costs. Cost o f  e l e c t r i c i t y  i n  1978 averaged 3.5 $/kWh over a l l  types o f  services 

throughout the U.S. On tha t  basis the addit ional cost f o r  waste management and disposal 

would add about 2 t o  6% t o  the consumer's cost o f  e l e c t r i c i t y  and no more than 3% i f  
nuclear power growth to a t  least  250 GWe i s  realized. 

TABLE 1.7.7. Comparison o f  Level ized Waste-Management Un i t  Costs f o r  the Program 
Alternatives at  a 7% Discount Rate, $/kwh 

Proposed Prosram Al ternat ive Prowam 
Nuclear Power Growth ( ~ e b l o g i c  ~ i g p o s a l  (Disposal ~ t a r i i n g  No-Action 

Case Assumpti on Star t ing 1990 - 20101 2010 - 2030) A1 t e rna t i  ve 

1 Present Inventory Only 0.2 0.2 0.08 
2 Present Capacity and 

Normal L i f e  0.1 

3 250 GWe system by 
Year 2000 and Normal L i f e  0.06 t o  0.09 

4 250 GWe System by 
Year 2000 and Steady 
State 0.07 t o  0.08 0.07 NA(a) 

5 500 GWe System by 
Year 2040 

(a)  NA = not applicable. 



1.8 CONCLUSIONS 

Based on the environmental impacts evaluated i n  this Statement, it i s  concluded that a 
decision to proceed w i t h  the proposed action, that i s, development of a programnatic strat- 
egy favoring the disposal of cmercia l ly  generated radioactive wastes i n  deep geologic re- 
positories, i s  warranted. This conclusion applies whether the wastes are generated i n  the 
once-through or i n  the reprocessing fuel cycle option. 

T h i s  conclusion i s  based on the information contained w i t h i n  t h i s  document (and ap- 
propriate references) #hich indicate that the environmental impacts of the program al- 
ternatives are similar. The consequences of delaying implementation of a specific dis-  
posal technology should not result i n  any appreciable change i n  the near-term environmental 
effects. The decision to emphasize mined geologic repositories as the primary disposal 
technology i s  similarly based on an evaluation of the long term effects which indicates 
that mined geologic 'disposal and those technologies which justify further consideration 
would have relatively equal environmental impact. I t  i s  recognized that although the level 
of knwledge of the alternative technologies i s  not comparable, sufficient evidence exists 
to support that these is l i t t l e  likelihood that these technologies wuld be superior, from 
an environmental perspective, to the geologic alternative. 

The no-action alternative i s  undesirable because of the temporary nature of present 
storage of wastes, the need to construct additional faci l i t ies  for extended storage as pre- 
sent faci l i t ies  reach their design lifetime, and because the no-action alternative i s  con- 
trary to the presidential proclamation and could be construed as contrary to the mandate 
given DOE by law. Analysis of the no-action alternative i n  this Statement has not consl6 
ered possible failures that could occcur if present f aci 1 i t ies  designed for temporary use 
were t o  be used indefinitely. I t  is possible that no-action could result i n  unacceptable 
safety and environmental consequences. 

More specifically, regarding the three program alternatives considered i n  the State- 
ment, the following conclusions can be drawn: 

Radiation dose accumulations increase as the size of the nuclear system increases. 
Neither the dose accumulation nor the health effects are significantly different for 

.the program alternatives i n  either the once-through or kprocessing cycles. The dose 
accumul ation with reprocessing is much 1 arger (principally because of doses from 
radioactive material i n  dissolver off gas that i s  released to the enviroment) (a) 
than w i t h  the once-through cycle. For comparison, t h i s  amounts to 0.5% of the re- 
gional and 0.003% of the worldwide dose from natural causes over the same period i n  
the highest nuclear growth case examined here. 

(a) Estimated dissolver off gas releases are w i t h i n  the EPA Standard for 8 5 ~ r  and 129 I 
- 

Hhich becanes effective i n  1983 (40CFR190.10). 



Resource comniiments also increase with increasing size o f  the nuclear system. U i th  

the once-through cycle, resource requirements for the a1 ternat i ve program range up to  

2 t o  3 times higher than for the proposed program. U i th  the reprocessing cycle, re- 

source requirements fo r  the alternative program are about the same t o  s l i gh t l y  higher 

than fo r  the proposed program. For a l l  cases, resource requirements are a small frac- 

t ion  of current U.S. production rates. 

Waste management costs increase as the size of the nuclear system increases, the waste 

management cost range i s  s igni f icant ly  higher for the alternative program than f o r  the 

proposed program. With the reprocessing cycle, the cost ranges are about the same f o r  

both a1 ternatives. The no-action a1 ternative costs f a l l  i n  the l o w  end o f  the cost 

range fo r  the proposed program with the once-through cycle. When costs are compared 

on the basis of level i red un i t  costs a t  a 7% discount rate, differences between the 

a1 ternat i  ve and proposed programs and differences between reprocessing and the once- 

through cycle are sl ight. 

Societal r i s k  from several events with l o w  probabi l i ty and high consequence i n  the 

long term following geologic repository closure was determi ned t o  be small i n  compari- 

son to  other societal r i sks  even if large errors i n  judgement of the probabi l i ty of 

occurrence were made. This conclusion appears va l id  even if no credi t  i s  taken f o r  

effects o f  mult iple engineered and geologic barr iers that w i l l  be employed t o  further 

assure containment and isolation. 

With respect t o  the alternative waste disposal technologies considered i n  th is  State- 

ment, the fol lowing conclusions can be drawn: 

a A mined geologic repository i s  the preferred alternative based on evaluation of radio- 

1 ogi cal effects during the operational period, non-radio1 ogi cal effects on the hman 

environment, status of development, conformance with exist ing National and interna- 

t ional law, independence from future development of the nuclear industry and potentf a1 

fo r  corrective or mit igat ing actions. The potenti a1 f o r  and consequences o f  unpl anned 

events i n  the long term require further investigation. The only category i n  which an 

alternative technology might of fer  an advantage would be the radiological effects 

during the post-operational period for which space disposal appeared more preferable. 

However, th is  long term advantage would be more than offset by near term disadvantages. 

a Subseabed disposal appears promising enough t o  warrant further detailed examination. 

The potenti a1 fo r  and consequences of unplanned events i n  the long term also require 

further investigation f o r  th is  option. Studies of the anticipated environmental 

(a) This disposal technology would not be capable df accmodating the f u l l  range of waste 

types. An a1 ternative technology, i.e., geologic disposal, would be required f o r  1 arge 

quantit ies o f  so l id  waste. Thus, th is  alternative should be viewed-as complementary t o  

geologic disposal. 



effects associated w i t h  special port fac i l i t ies  and tranportation l i n k s  will be made. 
The practicality of pursuing this concept, recognizing current National and 
international. 1 aws and agreements will be further analyred. 

0 Very deep hole disposal warrants some additional study as a possible backup for H L W  
disposal only. Further development should emphasize the abil f ty for corrective or 

(a) mitigating actions available. 

a Space disposal may be profitably studied for i t s  application to special disposal con- 
cerns, e.g., more remote isolation of long lived and environmentally mobile radio- 
nuclides such as "TC and 129~.(a) However, the overall impact on the total 
waste management system will need to be carefully evaluated to determine if such sepa- 
ration would provide overall benefit. 

r Other technologies studied ( i s l  and, mined repository, transmutation, rock me1 t, ice 
sheet and well injection) either have no clear advantage over geologic disposal, or 
provide no additional cumplementary function and, i n  some cases, are clearly less 
desirable. 

I t  can -be argued that a delqy i n  the program strategy, which would allow for a longer 
period of R&D, could conceivably reduce the probability of failure of the chosen disposal 
system by producing more knowledge and a greater diversity of choice i n  selecting a dis- 

posal method. DOE concludes that the likelihood of this occurring is small. In addition, 
the DOE program allows for a continuing broad based R&D effort, the investigation .of a 
broad range of a1 ternative media, and technical conservatism i n  program implementation. 

Because this Statement is not site-specific it will be necessary to make other envi- 
ronmental analyses addressing the possibi 1 i ty of adverse impacts associated with specific 
s i tes  and fac i l i t ies  at  such time as the program reaches such decision points. 

Recovery of the fu l l  costs of research and development and implementation of waste 
management and disposal for all  modes of operation considered i n  this €IS, w i t h  the as- 
sumption of continued nuclear power growth to  250 We, resulted i n  a 2 to 3% increase i n  
estimated average cost of electrical energy to the consumer. (Complete cessation of nu- 
clear power generation at  the end of  1980 would result i n  a significantly higher cost of 
waste management per u n i t  of power produced.) 

In sumnary, there appear to be no environmental issues that would reasonably preclude 
pursuit of a program strategy favoring disposal of comnerical ly generated radioactive 
wastes i n  deep geologic repositories (regardless of nuclear power growth assumptions). 
Thus the proposed action of conducting R&D leading to disposal of radioactive wastes i n  
deep geologic repositories is believed to be fully supported. 

(a) T h i s  disposal technology would not be capable of accomodating-the full  range of  waste 
types. An alternative technology, i.e., geologic disposal, would be repufred for 
large quantities of solid waste. Thus, t h i s  alternative sould be viewed as canple- 
mentary to geologic disposal. 
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CHAPTER 2 

INTRODUCTION 

The United States Department of Energy (DOE) has the responsi bi  1 i ty  to  develop technolo- 
gies for management and disposal of certain classes of comnercially generated radioactive 
wastes (namely high-level and transuranic). To provide i n p u t  to  the decision on a planning 
strategy for disposal of these radioactive wastes, this  Statement presents an analysis of 
environmental impacts that could occur if various technologies for management and disposal 
of such wastes were to be developed and implemented. 

In this Statement, which often has been referred to  as a generic environmental impact 
statement (GEIS), the various options for permanent waste isolation are examined i n  a 
generic or general sense rather than i n  a site-specific sense. Various concepts are exam- 
ined for the environmental impacts that their implementation might cause a t  my non-specific 
or generic locations. Upon selection of specific locations for waste disposal using the 
proposed approach, future s i  te-specif ic  envi ronmental analyses w i  11 be prepared, 

Section 2.1 describes the relationship of this environmental impact statement to other 
waste management decisions and associated .environmental impact statements. This section 
also outlines the relationship of the President's recent message on disposal of radioactive 
wastes to the forthcoming Nati onal Plan for Nuclear Waste Management. 

Section 2.2 describes the structure and content of  this Statement. Thfs  section also 
describes the relationship of t h i s  Statement's format to those decisions that are t o  be made 
(for which this EfS will serve as the environmental input). 

Section 2.3 discusses future decisions related to the disposal of cormnercial radioac- 
ti ve waste. 

2.1 RELATIONSHIP TO OTHER WASTE MANAGEMENT DECISIONS 

This  Statement, Manaqement of Comnerci a1 1 y Generated Radioactive Waste, analyzes 
impacts of high-1 eve1 and transuranic waste management foll awing removal of spent 1 f ght 
water reactor fuel from nuclear power plants (reactors). The responsibility for develop- 
ing technology for disposal of radioacttve wastes has been assf gned to  the DOE by the U S .  
Congress. The primary emphasis of this Statement is on the safe, permaneqt isolation of  
radioactive wastes. Also (discussed are interim waste storage, treatment, transportation and 
faci l i ty  &comnissioning as they relate to a decision on the proposed method of waste 
disposal. 

The basic waste management stepsain the comnercial LUR nuclear fuel cycle are shown i n  
Figure 2.1.1. The heavy solid lines show waste streams covered i n  .Hiis Statement. Airborne 

(a) All bu t  one of the large comnercial power reactors operating i n  the U S .  today are of 
the light water reactor (LWR) type. 



PRODUCTlON 1 

I URANIUM F,W 
1-4 FABRICATION I 

I 

L IGHT SOLID LINES REPRESENT 
PRIMARY FUEL CYCLE STREAMS. SPENT FUEL 

RADIOACTIVE WASTES SHOWN AS 
STORAGE 

HEAVY SOLID LINES ARE 
INCLUDED I N  T H I S  STATEMENT. 
RADIOACTIVE WASTES SHOWN SPENT FUEL 
AS DASHED LINES ARE NOT 
INCLUDED I N  THIS  STATEMENT. 

RADI OACTIVE COMPONENTS 
OF WASTES FROM THESE 
PROCESSES ARE M E  SAME AS 
THOSE OCCURRING I N  NATURE 

WASTES FROM THESE PROCESSES 
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NATURAL RADI OAUIVE COMPONENTS 

HIGH-LEVEL (INCL.SPEM FUEL) SHALLOW LAND ' 
AND TRU RADIOACTIVE I BURIAL OF NON-TRU 

WASTE DISPOSAL u I ------------I RADIOACTlVE WASTES I 

FIGURE 2.1.1. Processes and Waste Streams i n  the Comnercial Fuel Cycle 

wastes from spent f ue l  storage, reprocessing and plutonium-uranium fue l  fabr icat ion are a1 so 

also covered. I n  addit ion t o  these wastes, a number of other radioact ive wastes must be 

properly managed and disposed. This- section describes the status o f  program and environmen- 
t a l  statements covering these other wastes and also the status o f  statements covering broad 

areas (e.g., spent f ue l  storage and transportation) tha t  are p a r t i a l l y  included i n  the over- 

a l l  system addressed i n  t h i s  statement. 

2.1.1 Mining and M i l l i n g  

Mining and m i l  l i n g  operations are cur rent ly  regulated by e i the r  the Nuclear Regulatory 

Canmission (NRC) or  by Agreement States (states which have entered i n t o  an agreement wi th  

NRC pursuant t o  Section 274 of the Atomic Energy Act o f  1954 as amended (42 U.S.C. 2021) 

under which the state government assumes regulatory author i ty  and responsi b i l  i ty). Environ- 
mental impacts are considered programnatical l y  i n  Uranium M i l  1 ing, NUREG-0511 (NRC l979a). 

Indiv idual  EISs have been prepared f o r  each operation licensed. An-example i s  F ina l  Envi- 

ronmental Statement Related t o  the Plateau Resources Limited Shootering Canyon Uranium Pro- 

s, NUREG-0583 (NRC 1979b). 



2.1.2 Uranium Enrichment 

To date, two impact statements have been prepared re1 ative t o  uranium enrichment: 

Final Environmental Statement, Expansion of U.S. Uranium Enrichment Capacity, 
ERDA-1543 (ERDA 1976) 

Final Environmental Impact Statement, Portsmouth Gaseous Diffusion Plant Site,  
P i  keton, Ohio, ERDA-1555 (ERDA l977a). 

, 2.1.3 Uranium Fuel Fabrication 

No generic statement has been prepared fo r  uraniun fuel fabrication. This operation is 
covered by individual statements for  specif i c f ac i l i t i e s ,  Examples of such impact state- 
ments are: 

Environmental Impact Appraisal, Westinghouse Nuclear Fuel Columbia Si te  Commer- 
cial  Nuclear Fuel Fabrication Plant, Columbia, South Carolina, April 1977. 

Environmental Impact Appraisal of Nuclear Fuel Services Erwin Plant, Erwin, Ten- 
nessee, January 1978. 

2-1.4 Low-Level Waste 

A t  present, low-level wastes are regulated by the NRC or by Agreement States. In the 
event legislation i s  passed giving DOE any responsibilities re1 ated t o  disposal of low-level 
uastes f ran comnerci a1 act ivi t ies ,  a programnatic environmental statement would be irepared. 
Environmental impacts of low-level waste act4 v i  t i e s  are described in various NRC documents 
such as Final Generic Environmental Statement on the Use of Recycled Plutonim in Mixed 
Oxide Fuel in L i  ght-Water Cooled Reactors, NURE6-002 (NRC 1976). 

2.1.5 Spent Fuel Storage 

In October 1977, DOE announced a Spent Fuel Storage Policy f o r  nuclear power reactors. 
Under t h i s  policy, U.S. u t i l i t i e s  would be given the opportunity t o  deliver spent power 
reactor fuel to the U.S. Government in exchange for  payment of a fee. The U.S. Government 
would also be prepared to  accept a limited amount of spent fuel from foreign sources when 
such action would contribute to meeting U S .  nonproliferation goals. A b i l l  was submitted 
to  Congress to  authorize action required to implement the Spent Fuel Storage Policy. This 
b i l l ,  known as the "Spent Nuclear Fuel Act of 1979," would authorize the Secretary of Energy 
to acquire or construct one or more away-from-reactor (AFR) storage fac i l i t i es .  The Secre- 
tary would be authorized to accept t i t l e  to  and provide interim storage and ultimate d is -  

posal for  domestic spent fuel and limited amounts of foreign spent fuel. A f inal  program- 
matic EIS, Final Environmental l k a c t  Statement, U.S. Spent Fuel Policy, DOE/EIS-0015 (DOE 
1980a) has been issued which addresses the environmental impacts of various options regard- 
ing the interim storage of domestic fuel,  the receipt of some foreign fuel, and the fee 
methodology ,for .determining the charge for  spent fuel storage. 



Uith regard to  receipt and storage of foreign spent fuel, the impacts described i n  the 
present Statement cover a range o f  future domestic power production which i s  su f f i c ien t ly  
broad that it would encompass any possible impact due t o  quantities of spent fuel  which 
might be shipped from other countries t o  the US. Foreign spent fuel  which could be 
returned to  the United States for storage or possible disposal would be predminately the 
LWR type. 

Because a decision has been made to  implement the Spent Fuel Storage Policy i f  wthor- 
ized by Congress, an AFR spent fuel storage f a c i l i t y  EIS w i l l  be prepared to provide the 
environmental input i n to  the selection of f a c i l i t i e s  to meet the demand f o r  spent fuel  stor- 
age.(a) The environmental effects associated with the acquisition, construction and/or 
operation of the f a c i l i t i e s  and the transportation effects associated with the available 
options would be evaluated i n  t h i s  environmental documentation. 

2.1.6 Transportation 

The NRC and the Department of Transportation (DOT) regulate the transportation of 
radioactive waste. Transportation and packaging c r i t e r i a  and standards are out1 ined i n  the 
Code of Federal Regulations (10 CFR 71 and 49 CFR 170-189). The environmental fmpacts o f  
transportation ac t iv i t ies  are addressed i n  Final Environmental Statement on the Transporta- 
t i on  of Radioactive Material by A i r  and Other Modes, MIREG-0170 (NRC 1977). 

The present Statement spec if i cal l y  examines the transportation o f  post-f i ssi on wastes 
(spent fuel, high-level waste and TRU waste) from comnercial LWR fuel  cycle f a c i l i t i e s  t o  
both interim storage locations and f ina l  isolat ion sites. 

2.1.7 Alternative Reactor Types 

The present Statement discusses and compares the character i s t i cs  o f  the wastes gener- 
ated i n  the management o f  thorium fuels from the Light Water Breeder (Conversion) Reactor 
and High-Temperature Gas Cooled Reactor fue l  cycle with those obtained from the LWR fue l  

cycle. No decisions to  construct such reactors would be made before consideration i s  given 
to  the disposal of waste from these reactors. However, the impact of wastes which would be 
generated by a future Liquid Metal Fast Breeder Reactor (LMFBR) fue l  cycle i s  not analyred 
here. They were addressed i n  Final Environmental Statement, Liquid Metal Fast Breeder 
Reactor Proqram, ERDA-1535 (1975a). 

2.1.8 Wastes From National Defense Act iv i t ies  

High-level waste from national defense ac t iv i t ies  i s  currently being stored on WE 

reservations i n  Idaho, South Carolina, and Washington. EISs that consider the short te rn  
storage of these wastes at these si tes have been 

respectively). 
prepared (ERDA 1975b, 1977b, and 1977~. 

(a) The Notice of Intent regarding prepartion of 
issued i n  the Federal Register on August 15, 

the spent fuel storage fac i l t y  EIS  was 
1980 (45F R54399). 



Since waste forms and conditions are di f ferent a t  the three sites, programmatic state- 
ments covering development programs fo r  f i n a l  waste treatment and f i n a l  disposal are being 

prepared f o r  each site. 

Transuranic wastes result ing from national defense ac t iv i t ies  are also stored a t  the 
si tes l i s ted  above and a t  Los Alamos, N e w  Mexico; the Nevada Test Site; and the Oak Ridge 
National Laboratory i n  Tennessee. Statements covering waste treatment and f i n a l  disposal of 
material now stored at these si tes w i l l  also be prepared, 

This Statement does not d i rec t ly  address management and disposal of radioactive wastes 
related t o  national defense programs. However, i n  a generic sense, systems that can ade- 
quately dispose of comnercial radioactive wastes have the capabil i ty t o  hdequately dispose 
o f  wastes result ing from defense programs. 

2.1.9 National Plan fo r  Nuclear Waste Management ' 

The President, i n  h is  nuclear waste pol icy statement of February 12, 1980, stated that 
the safe disposal of radioactive waste, generated from both national defense and comnercial 
act iv i t ies, i s  a national responsibility. I n  fu l f i l lment  of h is  responsibility, the Presi- 
dent has directed the Department of Energy, i n  i t s  ro le  as lead agency f o r  the management 
and disposal of radioactive wastes, to prepare a comprehensive National Plan f o r  Radioac- 
t i v e  Waste Management. This National Plan i s  being prepared i n  cooperation with other 
involved Federal agencies, pr imari ly the Departments of In te r io r  and Transportation, the 
Environmental Protection Agency, and the Nuclear Regulatory Comnission. The State Planning 
Council, which was established by the President, w i l l  also be involved i n  the development 
o f  the National This Plan w i l l  provide a mad map f o r  a l l  parties and give the 
public an opportunity t o  review DOE'S ent i  re  program. The Plan w i l l  be comprehensive i n  

scope and include relevant ac t iv i t ies  of the Federal agencies, states, and local govern- 
ments. The Plm u i l l  cover a l l  types and sources of radfoactive waste and present the 

strategy and sequence of events to manage effectively and dispose of radioactive wastes and 
associated regul atory a c t i v i t i  es. 

Methods of cmunica t ion  between and among Federal agencies, states and local govern- 
ments, and the general public w i l l  be presented to show current and proposed interactions 
and the nature and degree o f  public part ic ipat ion i n  the planning and decisionmaking pro- 
cess, including the preparation of the National Plan. The National Plan w i l l  be updated 

every 2 years i n  recognition of and response t o  results o f  R&D programs, actual operations, 
and guidance from inst i tu t ions such as Federal agencies, state governments, the State Plan- 
ning Council and others that might be affected by programs and proposed actions. 

A draf t  of the comprehensive National Plan w i l l  be distributed by the Secretary o f  
Energy i n  the f a l l  o f  1980, f o r  congressional and genera1 public review and coment. After 

reviewing public comnents and revising the National Plan, a f i n a l  version of the National - 
(a) The Council u i l l  provide advice and recmendations t o  the President and the Secretary 

o f  Energy on nuclear waste management issues. 



Plan, including a surnnary of the public coments, will be issued in 1981. The National 
Plan will be used by the Congress, Federal agencies, and the general public to understand 
the scope, direction, and interrelationship of activities and the progress being made to 
implement the President's policy. 



STRUCTURE AND CONTENT OF STATEMENT 

This  Statement describes the character and quantities of the wastes to be managed from 
various nuclear power generation scenarios and identifies the environmental impacts (i.e., 
radiological effects, non-radiological effects, resource requirements, socioeconomic 
impacts, costs, institutional issues) associated w i t h  the management of these wastes. The 
power generation scenarios considered and the scope of the analysis are detailed i n  Sec- 
tion 3.2. As WE has the responsibility for  selecting a programnatic strategy for the man- 
agement of comnercial radioactive wastes, this Statement presents an analysis of alternative 
waste management programs for meeting this requirement. The three programnatic strategies 
presented i n  the Statement are: 

0 Proposed Action. The research and development program for waste management will 
emphasize use of mined repositories i n  geologic formations i n  the continental U.S. 
capable of  accepting radioactive wastes f rom either the once-through or repro- 
cessing cycles (while continuing to examine subseabed and very deep hole disposal 
as potential backup technologies). T h i s  action will be carried forward t o  iden- 
t i fy  specific locations for the construction of mined repositories. The proposed 
action does not preclude further study of other disposal techniques. For exam- 
ple, the selective use of space disposal for specific isotopes might be con- 
si dered. 

Alternative Action. The research and development program would emphasize the 
parallel development of several disposal technologies. T h i s  action implies an R&D 
program to br ing the knowledge regarding two or three disposal concepts and their 
development status to an approximately equal level. Based upon the Department of 
Energy's current evaluation, the 1 ikely candidate technologies for t h i s  parallel 
development strategy would be: 
1) geologic disposal using conventional mining techniques 

2) placement i n  sediment beneath the deep ocean (suSseabed) 

3) disposal i n  wry deep holes. 

A t  some later point, a preferred technology would be selected for construction of 
fac i l i t ies  for radioactive waste disposal. 

No Action A1 ternative. This a1 ternative would el imi nate or significantly reduce 
the Department of Energy's research and development programs for radioactive 
waste disposal. Under t h i s  alternative, existing spent fuel would be l e f t  inde- 
finitely where it Is currently stored and any additional spent fuel discharged 
from future operation of cmerc ia l  nuclear power plants would likewise be stored 
indefinitely i n  water basin f aci 1 i t ies  either a t  the reactors or at  independent 
sites. 

Beyond the selection of a program strategy, DOE must  determine the pace and manner i n  
which to pursue She selected program. To t h i s  end, this Statement eXamines 1) a range of 
dates for the availability of a mined geologic repository and 2) a variety of candidate 
repository media (sal t ,  basalt, granite, shale). 



The main body of  the t ex t  (Volume 1) i s  divided i n t o  eight chapters, Chapter 3 pre- 

sents the program a1 te rna t i  ves under consideration and out1 ines the techno1 ogical and envi- 

ronmental bases f o r  the analysis. Discussions of  natural background rad ia t ion and the 

concept o f  r i s k  are included t o  give the reader addit ional perspectives from which to view 

the material i n  the Statement. Non-technical concerns relevant to waste management are also 

iden t i f i ed  f o r  the purpose of  a i r i ng  such issues, which w i l l  have t o  be addressed i n  any 

ongoing p l  an. 

Chapter 4 describes the wastes and analyzes the various ac t i v i t i es  required p r i o r  t o  

f i n a l  disposal on a un i t  basis (e.g., per We-yr, per Kg HM, per f a c i l i t y ) .  The processes 

o f  waste treatment, storage, transportation and f a c i l i t y  decomnissioning are addressed and 

t he i r  impacts are presented. Chemical resynthesis and p a r t i  tioning, items included i n  the 

d ra f t  i n  the presentation o f  disposal techniques, now appear i n  the discussion o f  waste 

treabnent alternatives. A discussion of the relat ionship between predisposal a c t i v i t i e s  and 

the indiv idual  disposal technologies i s  also included i n  Chapter 4. 

Chapters 5 and 6 examine the mined geologic disposal concept and a l ternat ive disposal 
technologies, respectively. For consistency o f  presentation, d i  scussion o f  each disposal 

concept addresses the same top ic  areas: 

o Concept and System Description 

a Status o f  Technical Development and R&D Needs 

Disposal F a c i l i t y  Description 

Environmental Impacts o f  Construction and 

Environmental Impacts Over the Long Term 

a Cost Analysis 

Safeguard Requirements. 

The depth o f  the presentation, however, i s  

natives for two reasons. F i rs t ,  the extent t o  

Operati on 

not ident ica l  f o r  the various disposal a l te r -  

whtch a disposal concept can be examined i s  

a function o f  the degree t o  which the concept has been researched, developed, and reported 

i n  previous studies. Accordingly, mined geologic disposal i s  more f u l l y  described than the 

other disposal modes. Secondly, an assessment o f  the impacts from implementing a disposal 

a1 ternat ive i s  predicated on having data tha t  can be substantiated. The ex is t ing  data base 

f o r  mined geologic disposal i s  s i gn i f i can t l y  more extensive than f o r  the other concepts; 

hence, a more detai led analysis o f  impacts i s  possible. 

A t  the end o f  Chapter 6, a comparison i s  made of  the nine disposal technologies pre- 

sented i n  Chapters 5 and 6 on the basis o f  several environmental .and policy-related 

c r i te r ia .  

Chapter 7 out l ines the trade-offs between the program alternatives ( ident i f ied i t i  Chap- 

t e r  3), wi th emphasis on the en t i re  waste management system. The points o f  comparison o f  

the a l te rn r t i ve  actions deal wi th  nuclear power growth assumptions, fue l  cycles, waste vol- 

umes, and environmental impacts based on the material i n  Chapters 4,-5, and 6. 

Chapter 8 i s  a glossary of key environmental, geologic, and waste technology-related 

terms and acronyms. 



Volume 2 is a canpilation of appendix material. Volume 3 is a presentation of  written 
public and agency comnents and Hearing Board recomnendations on the draft Statement and 
responses to these cmen t s  and recomnendations. 

During the reviews of the draft Statement, some comnenters urged that the option of 
shutting down a l l  nuclear power plants be considered i n  the final Statement. Although such 
an action is beyond the authority of the DOE and can be considered only by the NRC or by the 
U.S. Congress, t h i  s Statement does present an analysis of managing only present inventories 
of spent fuel. While the availability of adequate waste management methods should be con- 
sidered by these institutions i n  contemplating such an action, many other far-broader 
issues, such as national energy and economic requirements and the overall. safety and envi- 
ronmental impacts of other energy systems, would also need to be considered. Due to the 
extent of WE8s authority, the scope of this environmental impact statement is limited to 
consideration qf the impacts of successfully implemented programs for research and devel- 
opment leading t o  permanent disposal of present and future high-level and TRU radioactive 
wastes. 



2.3 OTHER DECISIONS CONCERNING DISPOSAL OF COMMERCIAL wASTES(~) . 

The decisions tha t  the DOE now faces and f o r  which the analysis i n  t h i s  Statement w i l l  
provide environmental input w i l l  not automatically lead t o  the p l  acement o f  radioact ive 

wastes i n  any spec i f ic  location. As the program o f  research and development and examination 

o f  spec i f ic  candidate locations proceeds, further decisions w i l l  be required r e l a t i v e  t o  

potent ia l  environmental impacts. 

The National Environmental Po l icy  Act o f  1969 (NEPA 1969), as implemented by the regu- 

la t ions  of the Council on Environmental Qua l i t y  (CEQ 1978) and the DOE guidelines (DOE 

l98Ob), requires that  environmental consequences be considered in  Department planning and 
decisionmaking. I n  adopting a strategy fo r  disposal o f  high-level radioact ive wastes, the 

DOE w i l l  undertake actions having potent i  a1 environmental consequences. The potent ia l  envi- 

ronmental effects of these actions and t he i r  significance vary. Actions range from the 

decision adopting the overal l  strategy for waste disposal ( involv ing a major resource com- 

mitment which u l t imate ly  may have a spectrum o f  potent ia l  environmental e f fec ts  spec i f ic  t o  

tha t  strategy) t o  the select ion o f  spec i f ic  s i tes  and f a c i l i t i e s  f o r  waste disposal pur- 

poses. Other actions include the conduct of research (data gathering and analysis) which 

may have l i t t l e  environmental e f f ec t  but  which may have important technological, cost, and 

time implications on 1 ong-term waste disposal. 

Using the CEQ regulations and the DOE guidelines, a NEPA implementation plan, which i s  

integrated wi th  overal l  DOE planning and decisionmaking, has been developed f o r  the deep 

mined geologic disposal strategy. Figure 2.3.1 graphical ly demonstrates the various steps 

associated wi th  in tegrat ion o f  the NEPA plan and the overa l l .  decisionmaking process. 

The DOE'S NEPA implementation plan i s  based on the " t iered" approach, which i s  designed 

t o  el iminate repe t i t i ve  discussions o f  the same issues and t o  focus on the actual issues 

r i p e  f o r  decision at  each leve l  o f  environmental review. This approach allows coverage o f  

general matters i n  broad environmental impact statements (EISs) w i th  subsequent narrower 

EISs or environmental assessments (EAs) incorporating by reference the general discussions 

and concentrating solely on the issues spec i f ic  t o  the subsequent decision. 

The NEPA implementation plan i dent i f  i es  the major decision points i n  the program t o  

assure that  appropriate environmental documentation i s  completed p r i o r  t o  each such decision 

and p r i o r  t o  the conduct o f  a c t i v i t i e s  tha t  may cause an adverse environmental impact or 
l i m i t  the choice o f  reasonable alternatives. The f i r s t  major decision process i s  se lect ion . 
o f  a program strategy f o r  disposal o f  nuclear waste. This Statement serves as the NEPA 

input f o r  t h i s  f i r s t  decision. 

(a) Much of  the material i n  t h i s  section was taken from the recent DOE Statement o f  
Posi t ion i n  the NRC rulemaking proceedings on nuclear waste s to~gge  and disposal 
(DOE 1980~).  The Statement o f  Posi t ion described i n  DOE'S proposed research and 
development program and was prepared pursuant t o  the i n i t i a t i o n  o f  the rulemaking 
proceedings. The present Statement, upon issuance as a f i na l  impact statement, 
w i l l  become part  o f  the record o f  the rulemaking proceedings. 



FIGURE 2.3.1. S l  t e  Characterltat fan and Selectfon Process 



The second major decision process i s  that  involving the selection o f  s i tes f o r  the 
disposal o f  nuclear waste assuming the mined geologic option. The major decision 

points i n  such a site-selection process are: 

Adoption o f  a National Site Selection and Characterization Plan including the 

national screening f o r  potenti a1 regions and selection o f  areas (approximately 
2,590 square kiluneters, or 1,000 square miles) f o r  further study. 

Ident i f icat ion of locations (26 t o  78 square kilometers, or 10 t o  30 square 
miles) f o r  in-depth study: 

Selection o f  a preferred s i te(  s) f o r  banking,(a) including the possible devel- 

opment of an early shaft. 

Acquiring an interest i n  land sufficient t o  protect potential s i tes from other 
uses. 

Selection o f  a candidate s i t e  t o  propose t o  NRC f o r  licensing as the f i r s t  
repository. 

A t  each o f  these decision points, the WE w i l l  consider the appropriate NEPA documenta- 
tion. While the appropriate NEPA documentation i s  being prepared f o r  the various decision 
points, program act iv i t ies, including s i t e  characterization act iv i t ies, that  have been 

analyzed i n  previous NEPA documents may continue. I n  addition, further s i t e  characteriza- 
t i on  ac t iv i t ies  mqy continue i f  it i s  clear, based on the DOE'S review, that  they do not 
1) have signif icant adverse environmental impact or 2) l i m i t  the choice of reasonable al ter- 

natives (40 CFR 1506.1). These ac t iv i t ies  could include environmental studies, routine geo- 
physical studies, shallow dr i l l i ng ,  and borehole dr i l l i ng .  

2.3.1 The DOE'S National Environmental Pol icy Act Implementation plan( b, 

2.3.1.1 Program Strategy 

The environmental effects o f  implementing a program strategy are addressed i n  t h i s  
f i n a l  EIS on Management o f  Comnercially Generated Radioactive Waste. Based upon the analy- 
ses o f  nine disposal concepts, mined geologic disposal i s  ident i f ied as the preferred tech- 
n ica l  alternative and the proposed action i s  the selection of a program strategy emphasizing . 

geologic disposal i n  a mined repository. 

2.3.1.2 Site Selection Process 

National S i te  Characterization and Selection Plan 

The DOE proposes t o  adopt formally the current National Waste Terminal Storage S i te  

Characterization and Selection Plan as the comprehensive National Site Characterization and 

(a) Protecting a potent ial  repository site(s) from conf l i c t ing  uses u n t i l  such time as a 
f i n a l  site(s) i s  selected. 

(b) Section 5.2 and Appendix B.7 discuss the technical considerations o f  repository s i t e  
selection, 



Selection Plah. The current plan, described elsewhere (DOE 1980~). will be followed pending 
adoption of a formal plan. An R is being prepared as input to the decision on whether to 
adopt or modify this plan. 

The proposed plan includes: 

0 The methodology for identifying geographic regions for site studies. 

0 The methodology and criteria for screening these regions for areas, locations, and 
candidate sites to be studied in detail. 

The environmental impacts of the methodology and criteria in the proposed plan and 
their reasonable alternatives will be assessed. In addition, the selection of areas for 
further study and the anticipated range of site characterization activities, including the 
environmental impacts of typical surface and subsurface activities in several environmental 
settings, will be analyzed. Similarly, the criteria proposed to be used to qualify and dis- 
qualify sites will be discussed. 

It is believed th& an R, and not an EIS, is the appropriate level of NEPA review, 
since It is unclear that the decision will result in significant environmental impacts. 
However, upon completion of the EA, a decision will be made regarding the need to prepare 
an €IS. The Department of Energy will consider the results of the NEPA review prior to 
deciding whether to adopt or modify the proposed plan. The adopted rite characterization 
process will be repeated in diverse geologic environments and different host media until 
four to five sites have been qualified. 

Identification of Locations 

Following canpletion of area studies for a particular region, in accordance with the 
National Plan, an EA will be prepared as input for a decision to narrow the investigations 
to a limited number of locations. The site-selection process to date will be described, and 
the environmental factors pertinent to the proposal to limit more comprehensive exploratory 
activities to the preferred locations will be analyzed. A comparison of environmental fac- 
tors for preferred and alternate locations, based on data commensurate with the level of 
site-specific information available, will be provided and the environmental impacts of the 
range of potential exploratory actidties anticipated in the location studies will be 
considered. 

Here, too, it is believed that an EA is the appropriate level of NEPA review, since it 
is unclear that this decision will have environmental significance. Upon canpletion of the 
EA, a decision will be made regarding the need to prepare an EIS. 

Identifying Preferred Sites for BankIngEarly Shaft 

At the conclusion of the location studies, the DOE will propose one or more of the 
si tes in a location as .a breferred si te to be banked. Because a banked site ultimately may 
becune the location of a repository, it is appropriate to prepare anTIS prior to the deci- 
sion to bank the preferred site(s). This EIS also would provide input to a decision to 
acquire an interest in the site(s), if necessary, in arder to maintain the integrity of the 
site through the site-selection process. 



Using a general conceptual design for  the appropriate media (a si te-specif ic design 
w i l l  not be developed u n t i l  a f te r  the candidate s i t e  i s  selected), the EIS w i l l  evaluate the 

potential environmental impacts of 1) a conceptual repository a t  the alternate sf tes wi th in 
the region and 2) the detailed s i t e  characterization ac t i v i t i es  which may be required a t  

each of the alternate site(s), including the possible construction o f  an ear ly  shaft, if 

required, 

Although the general conceptual design w i l l  not be site-specific, it w i l l  be i n  an 

advanced stage o f  development re la t i ve  to  the medium i n  which the potential candidate s i tes  
are located. This w i l l  allow adequate analysis o f  the potential environmental impacts asso- 
ciated with a conceptual repository a t  each of the alternative sites. I n  additf on, the 
interaction of waste package options with the geologic medium w i l l  be assessed i n  each si te- 

banking EIS. 

S i te  Selection 

Following the banking of si tes i n  several media, a s i t e  w i l l  be selected f o r  a license 
application for the f i r s t  repository. The EISs previously prepared fo r  s i t e  banking w i l l  
be supplemented, as appropriate, i n  an integrated EIS, which w i l l  provide a comparative 

environmental analysis o f  the alternative sites. This EIS w i l l  incorporate by reference the 
site-banking ElSs and include any signif icant new information obtained since the preparation 

of the ear l ier  EISs. The site-selection E I S  also w i l l  serve as input t o  the environmental 
report submitted to  NRC with the license application. 

2.3.1.3 Land Acquisition 

After a site-selection decision, the DOE may take steps t o  permanently acquire the 

site. The s i t e  banking EISs, as supplemented i n  the site-selection EIS, w i l l  be used as 

input t o  the land acquisition decision, 
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CHAPTER 3 

DESCRIPTION OF PROGRAM ALTERNATIVES AND BACKGROUND 

lhis section describes the major action proposed by the Department of Energy for rrhf ch 
this environmental impact statement was prepared, namely the selection of a programnatic 
strategy emphasizing geologic disposal i n  a mined repository as the technology for disposal 
of  high-level radioactive wastes. Two programnatic alternatives to this proposed action 
are also described. In addition, this section provides the reader with a description of 
the technical and environmental bases for the analyses which follaw i n  succeeding sections. 
Since radiation exposure is  a central concern i n  the management and disposal of nuclear 
wastes, background infopation about radiation and the approaches used to assess radio- 
logical risk are presented. Finally, %on technicalm issues are discussed to inform the 
reader about the broad social, political, and institutional concerns which cut across 
spec if ic  technical concerns about nuclear waste. 

3.1 PROPOSED ACTION AND PROGRAM ALTERNATIVES 

As part of its responsibility for developing the technology required for managing cer- 
tain classes of radioactive wastes, the Department of Energy proposes to take a major agency 
action: selecting an appropriate programnatic strategy leading to the disposal of cmer -  
cia1 radioactive waste i n  a fashion that provides reasonable assurance of safe, permanent 
isolation of these materials. 

This major action involves two specific components at this time.   he f i r s t  is the 
selection of geologic disposal In a mined repository as the technology for emphasis i n  
a research and development program from among the various concepts that have been 
proposed. The second decision concerns the nature and extent of the research and 
development program to be undertaken, given the designation of geologic disposal as 
the technology for emphasis. 

In considering alternative methods that might be employed for permanent isolation of 
radioactive materials, this EIS identifies and examines nine disposal technologies. These 
technologies, fully characterized i n  Chapters 5 and 6, are: 
1) ~eoloqic disposal using conventional mining techniques 
2) disposal i n  very deep holes 
3) disposal i n  
4) disposal i n  
5) disposal i n  

6) disposal i n  
7) disposal i n  
8) disposal by 
9) disposal by 

a mined cavity that results i n  rock me1 tins 
repositories located on an island 
sediments beneath the deep ocean i n  the subseabed 
an ice sheet i n  t he  Arctic or Antarctic 
an injection well 
partf tioning of reprocessed waste and transmutation ofactinf des 
projection i nto outer space. 



In considering the nine disposal technology concepts, a variety of nuclear wastes i s  
considered. Each concept needs to be evaluated i n  terms of  capability to handle both spent 
fuel (as a waste) and waste from fuel reprocessing. Further, the ability of these technol- 
og i es 
Tab1 e 
waste 
poses 
rated 
risks 

to accomnodate transuranic (TRU) wastes i s  evaluated (see Section 6.2). As shown in 
3.1.1, not al l  of the technologies are capable of handling al l  three categories of 
efficiently. Nonetheless, some of these technologies may be useful for special pur- 
such as the disposal of very long-lived radioactive substances. Some concepts are 
impractical because of special hand1 i ng requirements, anticipated cost, environmental 
and current capabilities to implement the technology. 

TABLE 3.1.1 Potential Ability of Technology t o  Handle Uaste Type 

Unprocessed H i  +Level 
Spent Reprocess1 ng TRU 

Techno1 ogy Fuel Waste - Waste 
Geologic 
Very Deep Holes 
Rock Me1 t i n g  
Is1 and 
Subseabed 
Ice Sheet 
Injection Well 
Transmutation 
Space 

-- 

LEGEND: Yes--Concept 
No--Concept 
I --Concept 

Yes 
Yes 
No 

Yes 
Yes 
Yes 
No 
No 
I 

applies 
will not work 
irnpracti cal . 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
I 

No 
Yes 

I 
I 
No 
No 
I 

Evaluation of these various technical alternatives for waste isolation has resulted in 
a finding that geologic disposal (placement of radioactive wastes i n  geologic formations 
usi ng conventional mining techniques) i s  the preferred technol ogy for research and develop- 
ment. However, the evaluation of these a1 ternatives has led to the concl~rsion that two 
other disposal concepts deserve further examination as potent i a1 backup or anci 11 ary tech- 
nologies to geologic disposal: subseabed disposal (placement of wastes in sediments beneath 
the deep oceans), and very deep hole disposal (placement of wastes into very deep drill  
hol es) . 

This Statement examines the ultimate environmental impacts of the Department of Ener- 
gy' s proposed action, a research, development and demonstrati on program emphasizing mined 
geologic repositories, as well as two alternative courses of action: 1) parallel develop- 
ment of several technologies to an approximately equal level prior % a decision on imple- 
mentation and 2) the alternative of no action. 



The Interagency Review Group (IR6) on Nuclear Waste Management in i t s  report of 
March 1979, identified a number of a1 ternative technical strategies, the environmental 
impacts of which are encompassed i n  the analyses contained i n  this Statement. The IRG 
Report recomnended after considerable study and public inpu t  that: 

0 the approach to permanent disposal of nuclear waste should proceed i n  a stepwise 
basis i n  a technically conservative manner. 

Near-term program activities should be predicated on the tentative assumption 
that the f i r s t  disposal f acil i ties w i l l  be mined repositories, though nearer-term 
alternative approaches--subseabed and very deep hole disposal--should be given 
funding support . 

0 A number of potential sites i n  a variety of geologic environments should be iden- 
tified, and action taken to  reserve the option to use them if needed. Within 
technical constraints, actions should be taken to have several repositories opera- 
tional before the end of the century in different regions of the country. 

Beyond these recomnendations, the IRG defined four alternative strategies for the 
development of repositories: 

1. Strategy I provides that only mined repositories be considered for the f i r s t  sev- 
eral repositories and that &ly geological environments w i t h  salt  as the emplace- 
ment media would be considered for the f i r s t  several repositories. As a result 
of past programs, a 1 arge bo@ of information about salt  as an emplacement medium 
exists. Thus, salt would be a probable choice for these repositories, since the 
speed of implementation of this strategy would likely rule out other media. 

2. Strategy I1 is  similar to the f i rs t ,  except that a choice of site for the f i r s t  
repository would be made from among whatever types of environments have been ade- 
quately characterized at the time of choice. However the f i r s t  choice would s t i l l  
likely be from environments based on salt  geology. 

3. Strategy I11 provides that, for the f i r s t  facility only mined repositories would 
.be considered. However, three to five geological environments possessing a wide 
variety of emplacement media would be examined before a selection was made. Other 
technological options would be contenders as soon as they had been shown to be 
technologically sound and econmically feasible. 

4. Strategy IV provides that the choice of technical option and, if appropriate, 
geological environment be made only after information about a number of environ- 
ments and other technical options has been obtained. 

These strategies are associated w i t h  different amounts of time needed to  achieve an.opera- 
tional repository, w i t h  Strategy I requiring the least amount of time and Strategy IV 
requiring the most time. - 

DOE, on the basis of the input from many sources, has formulated a proposed research, 
development and construction program for mined geologic repositories that incorporates the 



recomnendations of the IR6 Report. Environmental impacts that would be associated with 
each o f  these d i f fe r ing  strategies and with differences i n  timing of implementation (i.e., 

inmediate versus delay) are well within the envelope of the analyses reported i n  t h i s  State- 

ment. Environmental consequences associated with Strategies I throwgh I11 are bounded by 

the environmental analyses of the Proposed Action, while those associated with Stratety I V  
are with i n  the envelope of analyses performed for  the Para1 1 e l  Development A1 ternat i  ve 

Action. This l a t t e r  action also envelopes the environmental consequences associated with a 
"delayed actionn strategy, i.e,, delqying s i t l ng  o f  a repository u n t i l  enough i s  known 
about several technical a1 ternatives. These analyses exam1 ne the environmental conse- 
quences of constructing, operating and decomissioni ng waste management f aci 1 i ties. 

3.1.1 Proposed Action 

The prpposed research and development program f o r  waste management w i l l  emphasize use 

of mined repositories i n  geologic f omations capable of accepting radioactive wastes from 
either the once-through or reprocessing cycles. This program w i l l  be carried forward to  
ident i fy  specif ic locations fo r  the constructf on of mined repositories. The rationale f o r  
the selection of mined repositories as the preferred concept i s  presented i n  Section 6.2.5. 

I n i t i a l l y ,  s i t e  characterization programs w i l l  be conducted to  ident i fy  qual i f ied si tes 

i n  a var iety of potential host rock and geohydrologic settings. As qual i f ied s i tes are 

ident i f ied by the R9D program, actions w i l l  be taken to  reserve the option to  use the sites, 
if necessary, at an appropriate time i n  the future. Supporting th is  s i t e  characterization 

and qual i f icat ion program w i l l  be research and development ef for ts  t o  produce techniques and 
equipment to  support the placement o f  wastes i n  mined geologic repositories. 

The Department o f  Energy proposes that the development o f  geologic repositories w i l l  
proceed i n  a careful step-by-step fashion. Experience and information gained i n  each phase 
of the development program w i l l  be reviewed and evaluated t o  determine if there i s  su f f i -  

cient knowledge to  proceed to  the next stage of development and research. The Department 
plans t o  proceed on a technically conservative basis allowing f o r  ready re t r i evab i l i t y  of 
the emplaced waste for some i n i t i a l  period of time, 

The proposed timing for emplacement of waste i n to  geologic repositories ca l l s  for a t  

least two operational f a c i l i t i e s  before the end of the century. This schedule ref lects  the 

need to  expand the technical evaluation of a broader set of geologic media and mu1 t i p l e  

si tes and to consider a possible regional approach to  repository si t ing. Changes i n  timing 
for emplacement of wastes i n  geologic repositories because o f  environmental or other consid- 
erations i s  considered within the scope of the proposed action presented i n  th is  Statement. 

Some support would be provided to further evaluate the a1 ternatives o f  placement i n  

deep ocean sediments and i n  very deep holes. The purpose of t h i s  support i s  t o  permit 

continued evaluation of these technology options as alternatives to  geologic disposal. 

These options are considered as backups or complements t o  geologic P_isposal and are pre- 
sently not p1 anned f o r  f u l l  development. 



3.1.2 A1 ternative Action-Parallel Development 

As an alternative to emphasis on geologic disposal, the research and development pro- 

gram would emphasize the parallel development of several disposal technologies. This action 
implies an R&D program to bring the knowledge regarding two or three disposal concepts and 
their development status to an approximately equal level, A t  some later point, a prefemed 
technology would be selected for construction of facilities for radioactive waste disposal. 

Based upon the Department of Energy's evaluation, the likely candidate technologies for 
parallel development strategy would be: 
geologic disposal using 'conventional mining techniques 
placement in sediment beneath the deep ocean (subseabed) 
disposal i n  very deep holes. 

In order t o  develop several technologies i n  parallel, the range of approaches w i t h i n  

disposal technology would likely be narrowed to a single candidate approach, 

The geologic disposal program would concentrate on a most preferred geohydrological 
system and, possibly, host rock. By narrowing the focus of the program, resources of time, 
money, and hanpower would be made available to pursue the parallel development programs of  
the other two technologies. 

In a similar fashion, the subseabed program would focus on a preferred system for waste 
emplacement and on a few locations. 

The program activities for very deep hole disposal would eventually be focused on spe- 

cific deep geohydrological systems and i n  specific regions of the country, Since adequate 
information about such deep systems is not currently available to do this, a program of 
study would need to be developed to acquire such information. 

The strategy to develop several disposal technologies i n  parallel requires the use of 
extended term storage f aci 1 ities since significant additional time would be required to 
bring the technologies of sub-seabed and very deep hole disposal to a level of  development 
equivalent to that of geologic disposal. The main differences between the Proposed Action 
and the First Alternative Action are the degree of emphasis on geologic disposal and the 
timing of actual construction of waste disposal facilities. 

3.1.3 No-Action Alternative 

This a1 ternative would eliminate or signif i cantly reduce the Department of Energy's 
research and development programs for radfoactive waste disposal. Under t h i s  alternative, 
existing spent fuel would be left indefinitely. where i t is  currently stored and any 
additional spent fuel discharged from future operation of cannercia1 nuclear power plants 
wuld likewise be stored indefinitely i n  water basin facilities either at the reactors or 



at independent sites. The Department of Energy does not consider this no-action alternative 
to be a reasonable course, since it offers no solution for the long-term period beyond the 
useful l i f e  of the water basins. 



BASES FOR THE ANALYSIS 

A number of bases fo r  analysis must be established t o  assess environmental impacts 

associated with a nuclear waste disposal technology. This includes the ident i f icat ion and 
description o f  predisposal f a c i l i t i e s  necessary f o r  waste management, as well as a &scrip- 

tion' o f  the disposal f ac i l i t i es  themselves. Further, the physical, biological and social 
environments in to  which these f a c i l i t i e s  w i l l  be placed must be characterized. However, 
to ta l  or net  environmental^ impacts cannot be described completely by the effects of single 
f a c i l i t i e s  i n  the environment, so th i s  Statement also analyzes complete waste management 
systems. The key assumptions associated with a systems analysis are those of nuclear power 
growth (i.e., amount of waste to  be disposed) and the nuclear fuel cycles considered (i.e., 

kinds of waste to  be disposed). 

The general approach to  environmental assessment used here investigates potential 

impacts associated with construction, operation ( i ncluding potenti a1 accidents), and decom- 
missioning o f    re disposal f a c i l i t i e s  (including treatment, transportation and storage o f  

wastes) and the repository system i tsel f .  Physical protection requirements f o r  safeguard- 
ing the wastes from the f t  or sabotage are also evaluated. Impacts result ing from nuclear 
waste disposal include those associated with resource cmitments, ecological and atmo- 
spheric effects, radiological effects, socioeconomic effects, and the costs o f  waste manage- 
ment and disposal. 

Predisposal f a c i l i t i e s  are discussed i n  Chapter 4, and geologic repositories are dis- 

cussed i n  Chapter 5. Conceptual f a c i l i t i e s  are Qescrtbed, the i r  impacts and costs of con- 
struction and operation are estimated, and safeguard requirements are evaluated. These 
conceptual f aci 1 i t ies  and impacts are described i n  deta i l  i n  Technolosy f o r  Comnerci a1 
Radioactive Waste Manaqement, DOE/ET-0028, Apr i l  1979 and Environmental Aspects of Comner- 

c ta l  Radioactive Waste Manasement, DOEJET-0029, Apr i l  1979. Sumnary descriptions and key 
results are presented i n  Chapters 4 and 5. 

A description o f  the physical environments for the di f ferent f a c i l i t i e s  i s  given i n  

Chapter 5 for geologic disposal and i n  Chapter 6 for alternative technologies. The biolog- 
i ca l  and social envfronments used hypothetical or reference conditions which were assumed 
cormron to a l l  geologic repositories and associated waste management fac i l i t ies .  For assess- 
ing general environmental and health effects for these fac i l i t ies,  a single reference envi- 

ronment was developed and i s  described i n  Appendix F. t h i s  reference environment provides 
the necessary description of environmental characteristics (e.g., demography, atmospheric 

dispersion patterns, surface waters, plant and animal c m u n i t i e s )  that serve as a baseline 

fo r  generically estimating environmental impacts of waste management and disposal. Three 
reference environments were used to  assess the socioeconomic impacts of the i n f l ux  of work- 
ers associated with geologic reposi tori,es and related fac i l i t i es ,  because socioeconomic 
impacts are par t icu lar ly  sensitive t o  variation i n  demography (Appendix 6). The use o f  
reference environments should not be construed as an endorsement of part icular regions f o r  
sf t ing  waste management and disposal f a c i l i t i e s  but rather as convenient and r e a l i s t i c  

assessment tools. Dif ferent reference environments and bases fo r  analyses were used i n  the 
case o f  a1 ternative disposal technologies and are described where used i n  Section 6.1. 



In Chapter 6, alternatives to geological disposal i n  mined continental repositories are 
described, evaluated, and compared. 

In Chapter 7, the requirements and impacts for entire waste management systems for sev- 
eral different nuclear industry growth assumptions are described. These requirement and 
impact descriptions incorporate information about the individual waste management components 
(described i n  Chapters 4 and 5) into system simulation calculations. 

The assumptions used regarding nuclear fuel cycles and industry growth as well as the 
basis for assessing resource commitments, ecological and atmospheric effects, radiological 
effects, socioeconomic impacts, potent1 a1 accidents, physical protection, and costs of 
management and disposal of nuclear wastes are described in the following subsections. 

3.2.1 Nuclear Fuel Cycle Assumptions 

The waste management impacts of two basic light water reactor (LWk) fuel cycles are 
analyzed i n  this Statement. These are I) the once-through fuel cycle where spent fuel is 
sent to disposal without reprocessing for recovery of residual energy potential, and 2) the 
reprocessing fuel cycle where spent fuel is determined to be a resource and is processed for 
recovery and use of the contained uranium and plutonium. A uranium-only recycle case (with 
plutonium remaining i n  the high-level waste or recovered and stored elsewhere) was consid- 
ered in the draft of this Statement. However, because of the low likelihood that this fuel 
cycle would ever be implemented and because of comnents to this effect received on the draft 
Statement, it has been deleted frun this final Statement. Information on this fuel cycle 
may be found in DOE/ET-0028 and DOE/ET-0029. 

3.2.1.1 Once-Through Fuel Cycle 

A simplified diagram presenting the once-through cycle is shown i n  Figure 3.2.1. Spent 
fuel is stored until a qualified Federal waste isolation faci l i ty  is  i n  operation. Storage 
can occur either at the reactor si te or at an offsite away-from-reactor (AFR) storage facil- 
ity, a1 so sometimes referred to as an independent spent fuel storage facility (ISFSF). 
Storage at an AFR i s  necessary if sufficient storage capacity is not available at  nuclear 
power plant sites. A t  the IIFR, only nontransuranic and gaseous wastes are generated(') 
while the spent fuel is handled and stored. Thus, the only waste of concern to this State- 
men t 
fuel 

0 

is  the spent fuel itself. The follouing assumptions are made about the once-through 
cycle. 

Although storage capacity i n  the nuclear power plant (reactor) basins will vary 
considerably and may be increased significantly for new plants, a given reactor 
basin will have, on the average, the capacity for seven annual discharges i n  addl- 
t i o n  to full core reserve. This capacity assumption results in away-from-reactor 

(a) Strictly speaking, the radioactivity content i n  the wastes is "generatedH dur ing  irradi- 
ation of the fuel i n  the nuclear power plant. 
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FIGURE 3.2.1. Once-Through Cycle 
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storage requirements tha t  approximate the maximum requi rements shown i n  a recent 

study when current ly licensed expansion plans are a l l  assumed t o  be implemented 

and f u l l  core reserve capacity i S  maintained (DOE/NE-0002 1980). Implications o f  
var iat ions i n  reactor storage capacity are d i  scussed i n  the Final  Environmental 
Impact Statement on U.S. Spent Fuel Pol i c y  (DOE/ET-0015 1980). 
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To permit the spent fuel  t o  cool doun p r i o r  t o  dry  encapsulation and disposal the 

spent f ue l  i s  stored for a minimum of 5 years i n  the nuclear power p lant  storage 

basins f o r  the reference once-through fuel cycle. If a disposal f a c i l i t y  i s  not ' 

available, the spent f u e l  remains stored a t  the reactor u n t i l  the  7-yr capacity 

i s  f i l l ed ,  a f ter  which excess fue l  older than 5 years i s  shipped (Section 4.5) t o  
an NR (Section 4.4) h e r e  it remains u n t i l  a disposal f a c i l i t y  i s  available. 

Spent fue l  encapsulation (or  packaging) ' f aci t i t i e s  (Section 4.3) are located on 

the same s i t e  as the disposal f ac i l i t y .  An al ternat ive of encapsulating the spent 

fue l  a t  the AFR and stor ing packaged spent fuel i s  also described i n  the predis- 
posal system discussions i n  Sections 4.3 and 4.4. 

For purposes of estimating transportation impacts, shipping distances from reac- 

to rs  t o  an AFR average 1000 miles for t h i s  generic statement. Shipping distances 

1 

from reactors t o  a repository or from an AFR t o  a repository are assumed t o  aver- 

age 1500 miles. Therefore, t o t a l  shipping distance between a reactor and disposal 

L - 

I t '  

can be as much as 2500 miles. Actual shipping distances would vary, o f  course, 
depending on s i tes  selected. 
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The log is t i cs  and storage requirements o f  t h i s  f ue l  cycle f o r  several nuclear power 

growth assumptions are discussed i n  Chapter 7. 
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3.2.1.2 Reprocessing Fuel Cycle 

A s impl i f ied diagram of the reprocessing fue l  cycle i s  shown i n  f igure 3.2.2. I n  t h i s  

fue l  cycle, uranium and p lu ton im  are separated from other components o f  the f u e l  and 

- 



pur i f ied f o r  recycle at a fuel  reprocessing plant (FRP). The major process steps at the 

FRP, excluding waste treatment operations, which are described i n  Chapter 4, are: 

Underwater storaqe of spent fuel  awaiting processing. 

Recovery and pur i f icat ion of the uranium and plutonium by solvent extraction using the . 
Purex process. The reference plant, described i n  M1E/ET-0028, Section 3.2, operates 

300 days per year t o  process 2000 MTHM/yr of spent fuel. The spent fuel elements are 

chopped i n t o  short sections so that the contained fuel  can be dissolved i n  n i t r i c  
acid. The uranium and plutonium are then extracted in to  an organic solvent phasd 

containing t r i bu ty l  phosphate (TBP), leaving the bulk of the f iss ion products i n  the 
n i t r i c  acid solution (the high-level waste). The uranium and plutonium are sepa- 
rated and the remaining f ission products removed i n  subsequent solvent-extraction pro- 

cess cyc 1 es . 
a Conversion o f  plutonium t o  a so l id  at the FRP by prec ip i ta t ing plutonium as an 

oxalate, which i s  then separated and calcined t o  Pu02. 

Conversion o f  the uranium from a n i t ra te  solution t o  UF6 a t  the FRP by calcining 
the uranium n i t ra te  t o  UOj, reducing the U03 t o  U02 with hydrogen, then converting 

the U02 to  UF4 by hydrofluorination with HF, and f i n a l l y  converting the UF4 t o  
UF6 with f luorine. (UF6 i s  the form required by the enrichment plant.) 

Over 99% of the spent fuel  f ission products and about 0.5% of the baniurn and plutonium 

would be contained i n  the FRP high-level waste. Substantial quantities of a variety o f  TRU 
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FIGURE 3.2.2 Uranium-Plutonium Recycle Fuel Cycle 



wastes also result. These are described more fully in Section 4.2. After the HLW is solid- 
ified (Section 4.3) it may be stored on-site (Section 4.4) for a period prior to shipment 
(Section 4.5). 

A mixed-oxide fuel fabrication plant (MOX-FFP) prepares fuel containing a mixture of 
plutonium dioxide and uranium dioxide for recycle to a nuclear power plant. The reference 
MX-FFP receives U02 and Pu02.powders and Zircaloy cladding tubes and end plugs and pre- 
pares hermetically sealed fuel rods ready for insertion into fuel assemblies. The reference 
plant, described in WE/ET-0028 Section 3.2, operates 300 days per year to produce 400 MTHM 
of LWR fuel&; up to 5X of the heavy metal content is plutonium. the major process steps 
involved include: 

0 Mechanical mixinsl of UO, and Pu02 powders 
L. 

0 Preparation of dense fuel pellets by pressing, sintering, and grinding the mixed 
powder 

0 Sealing the pellets in Zircaloy cladding to form fuel elements 

0 Scrap recycle. The following assumptions are made about the reprocessing fuel 
cycle logistics: 

0 Spent fuel is stored until it is shipped to a reprocessing facility. As in the once- 
through cycle, storage can occur kither at the reactor site or at an AFR. Reactor 
basin storage capacity is also seven annual discharges, but spent fuel is stored for a 
minimm of one year, once this accumulated backlog of stored fuel is worked off. The 
reprocessing plant maintains a working inventory of 0.5-yr worth of spent fuel in stor- 
age. Thus, the minimum fuel age at reprocessing is 1.5 years; however, because a large 
accumulated inventory of spent fuel exists before the start of reprocessing, it is over 
20 years after reprocessing starts before this minimum age is reached. 

0 The high-level waste is solidified imnediately and then stored on-site for 5 years 
prior to shipment to a &pository or to an interim storage facility if a repository is 
not available. 

0 lRU wastes are shipped imediately after treatment and packaging to either a repository 
or intertm storage. 

0 Spent fuel shipping distances are assumed to average 1000 miles from reactors to an FRP 
or to an AFR, or from an AFR to an FRP. 

Treated waste shipping distances are assumed to average 1000 miles to interim storage 
and 1500 miles from either an FRP or from an interim storage facility to a repository. 
As In the once-through cycle, the actual distances will vary. No waste shipments 
betueen an FRP and a MOX-FFP a k  assumed. 

The logistical and storage requirements of this fuel cycle as ueTl as the once-through 
cycle for several nuclear power growth assumptions are discussed in Chapter 7. 



3.2.2 .~uclear  Power Growth Assumptions . 

To cover the range o f  potential waste management impacts i n  the years ahead, f i v e  d i f -  

ferent nuclear power growth scenarios are considered i n  t h i s  Statement. 

A reference projection o f  400 GWe o f  instal led nuclear power capacity i n  the year 2000 
and a bounding low projection o f  255 GWe i n  the year 2000 was used i n the or ig inal  d ra f t  

Statement (DOVEIS-0046 D). Since tha t  report was publjshed fo r  comnents, however, studies 

(Clark and Reynolds 1979) conducted by DOE'S Energy Information Administration (EIA) have - 

indicated that the year 2000 instal led nuclear power capacity i s  unl ike ly  to  exceed 

250 GWe.(') I n  addition, some comnents on the dra f t  Statement stated that the 400 GWe pro- 

ject ion i ndicated a bias i n  favor of nuc'lear power development whi l e  other cmen te rs  

objected that it overstated the magnitude of the waste management problem. For these 

reasons, the maximum projection f o r  the year 2000 considered i n  t h i s  f ina l  Statement has 

been established as 250 GWe. 

lone of the projections or scenarios are intended to  represent predictions o f  future 

developments. They are intended to encompass a possible range o f  nuclear power development 

and to  provide a reasonable basis f o r  estimates o f  waste management impacts as w e l l  as a 

basis fo r  ei ther interpolating waste management impacts to intermediate projections or f o r  

extrapolating waste management impacts to  higher projected growth rates. 

The waste management impacts f o r  these scenarios are presented i n  Chapter 7. 

The f i ve  scenarios are described below and the resul t ing nuclear power capacities are 

tabulated i n  Table 3.2.1 and plotted i n  Figure 3.2.3. 

TABLE 3.2.1. Nuclear Power Capacity Assumptions, GWe 

Case 3 Case 4 
Case 1 Case 2 250 GWe 250 GWe 

Present Present i n  2000 and i n  2000 and 
Inventory Capacity Phaseout Constant 

Case 5 
250 GWe 

i n  2000 t o  
500 GWe 
i n  2040 

(a) The referenced report did not project beyond 1995. The figure of 250 GWe i n  the 
year 2000 i s  based on an extrapolation. 



FIGURE 3.2.3. Nuclear Power Growth Assumptions 

Case 1--Present Inventory--This case considers the requirements for management of 
approximately 10,000 MTHM of spent fuel that would remain if the 50 GWe of LklR capacity 
operating at the beginning of 1980 were s h u t  down at  the end of 1980 and all reactor cores 
discharged. However, no attempt is made i n  this Statement to consider or evaluate the 
broader issues of an industry shutdoun (beyond those associated w i t h  handling the waste) 
such as national energy policy, impact on the economy, the impacts of a1 ternative energy 
sources, costs, and the environmental impacts of such action. 

I 

Case 2--Present Capacity--This case considers the requirements for management of 
48,000 MTHM of spent fuel that would result from continued operation of the existing 50 6We 
of nuclear capacity to  retirement after 40 years of operation w i t h  no further addl tions to 
this system. As i n  Case 1, no attempt is made to consider or evaluate the broader issues 
beyond the impact of handling the associated wastes, that would be involved i n  a limitation 
of this sort. 

Case 3--250 GWe i n  Year 2000 and Phaseout--Case 3 assesses the waste management impacts 
for all aspects of a complete 1 ife cycle of a nuclear generating system including reactor 
shutdown, f acil i t y  decommissioning, etc. In t h i s  case nuclear power capacity increases to 
250 We i n  the year 2000. (This case follows the EIA high case projection through 1995.) 
After the year 2000, no additional nuclear power plant startups are considered. All nuclear 
power plants are assumed to operate for a 40-year 1 ife, after which they are decommissioned. 
Thus, the installed generating capacity of the system is reduced to zero i n  the year 2040. 
Based on average experience to date, average startup capacity factors of 59%, 63%, and 67% 
were assumed for the f i r s t  three years of operation for al l  nuclear p lZts .  Starting with 
the fourth year, each pl ant was assmed to operate at  70% for 22 years and then decline to 
4(B i n  i t s  fortieth year after which it  is s h u t  down. A total of 239,000 MTHM of spent fuel 
i s  produced i n  this case. 



We do not yet have suff icie'nt operating experience w i t h  nuclear. plants t o  predict this 
l i f e  cycle w i t h  high confidence. These plants are generally assumed to have lifetimes in 
the range of 30 to  40 years. The upper end of this range was used here t o  be conservative 
in regard to the amount of radioactive waste to be managed for  a specific system. The 
declining load factor as f ac i l i t i e s  age has not yet been observed in nuclear plants b u t  is 
simi lar  to the experience of large central-station fossil-fuel generating units. 

Using the year 2000 as a reference point, the impacts of other growth assumptions can 
be derived by comparison to this case. For example, a 500 GWe system i n  the year 2000 would 
produce approximately twice the impacts of Case 3 i f  allowed to r u n  out i t s  useful l i fe ,  or 
a 125 6We system i n  the year 2000 would produce approximately one-half as much impact. 

Case 4--250 GWe i n  Year 2000 and Constant--This case follows the same growth pattern 
as Case 3 up to the year 2000. Then, instead of phasing out capacity as plants are decom- 
missioned, new capacity is added to maintain the total capacity a t  250 Gne u n t i l  the 
year 2040, beyond which time the case is not analyzed. A total  of 316,000 MTHM of spent 
fuel i s  produced i n  th is  case. 

This  case i l lustrates  the rate a t  which continuous waste management requirements and 
impacts would occur i n  a constant or steady-state system. An approximate equi l i b r im is 
established. 

Waste management requirements and impacts a t  other constant capacity levels can be 
obtained by comparing capacities and impacts to this case. 

Case 5--250 GWe i n  Year 2000 and 500 GWe i n  2040--This case also follows the same 
growth pattern as Case 3 up to the year 2000. After that, however, capacity additions con- 
tinue unti 1 a doubled capacity of 500 GWe is reached i n  the year 2040. Beyond the 
year 2040, the case is  not analyzed. A total of 427,000 MTHM of spent fuel i s  produced in 
t h i s  case. 

No equilibrium is established in this case. I t  i l lustrates  the waste management 
requirements and impacts for a continuously expanding system. Results can be extrapolated 
t o  other growth rates  by comparing the differences between the year 2040 capacities i n  

Cases 4 and 5 to the difference i n  impacts. For example, a capacity of 750 GWe i n  the 
year 2040 would have twice the additional impact over Case 4 that Case 5 has. 

3.2.3 Resource Comnitment Assessment 

In most instances, data describing environmental impacts that  are caused by c m i  tments 
of resources are presented as land and water requirements, material requirements, energy 
consumption, and manpower requirements for construction, operation, and decmissioning of 
the fac i l i t ies .  Resource commitments are combined by fac i l i t i e s  on a single reference plant 
basis for  analyzing predisposal act ivi t ies  i n  Section 4.7 and for  geologic repositories i n  
Section 5.4. Resource commitments are further aggregated by plant 3 0  systems of waste 
management and disposal w i t h i n  fuel cycle options i n  Chapter 7. 



3.2.4 Ecoloqical and Atmospheric Impacts 

The impacts of the treatment, inter im storage, transportation, and f i n a l  disposal of 
radioactive wastes on natural ecosystems cannot be sa t i s fac to r i l y  deal t  w i th  i n  de ta i l  i n  a 
generic sense because o f  the overriding influence o f  site-specif i c  factors. For example, 

the expected impacts of cer ta in  waste technologies on p lant  and animal comnunities i n  an 

area of high prec ip i ta t ion may be markedly d i f ferent  from those i n  an a r i d  environment. The 

a b i l i t y  o f  natural systems to withstand stress w i l l  vary widely according t o  t h e i r  environ- 
ment. Similarly, the economic worth o f  the natural resources a t  r i s k  w i l l  depend great ly 

on the region and the degree.of change already induced by human act iv i t ies .  

I n  t h i s  Statement, the assumption i s  made t ha t  environmental releases o f  radioact ive 

wastes that  are w i th in  the acceptable standards designed t o  protect man w i l l  also be w i th in  

l i m i t s  to lerable t o  natural p lant  and animal populations. I n  general, man i s  believed t o  

be more sensit ive to rad ia t ion than are other lifeforms. Thus, the discussion o f  potent ia l  
radiat ion effects on plants and animals other than man i s  not considered on a generic basis. 

Consequently, discussion of the ecological impacts o f  radioactive waste management i s  con- 
fined mainly t o  1) the effects on the use of land and surface water and 2) the impacts 
resu l t ing from the release of nonradioactive chemicals and heat t o  the a i r  and t o  surface 
water. 

The main atmospheric effects evaluated i n  t h i s  Statement are the impacts on ambient a i r  

qua l i t y  caused by emissions t o  the atmosphere during construction and operation o f  the 

f a c i l i t i e s .  Secondary emissions from construction force vehicles and construction equipment 
are also included i n  the emissions inventory. Since heat i s  a by-product o f  each process, 
i t s  e f fec t  on the biosphere, whether released d i r ec t l y  o r  v i a  cooling tower, i s  also inves- 

tigated. 

Radiological Impacts Assessments and Uncertainties 

Radiological impacts are probably perceived as the most important aspect of radioactive 
waste management. As a consequence, radiological  aspects are considered i n  de ta i l  i n  t h i s  
Statement and i n  i t s  supporting documents. Radiological impacts are described p r i nc i pa l l y  
i n  t e r n  o f  dose t o  workers and t o  the publ ic (The regional population i s  described i n  
Appendix F; mathematical models are described i n  Appendix D.) 

Doses t o  the publ ic  from waste management operations would be expected t o  ar ise from 

inhalat ion o f  radionuclides, by d i rec t  radiation, and from ingestion of  food products (e.g., 
vegetables, meat, and da i ry  products) e i ther  grown on land contaminated by radionuclides 
deposited on the ground or contaniinated by deposits d i r ec t l y  on the food products 

themselves. 

Dose from exposure t o  planned or unplanned releases o f  radionuclides t o  the biosphere 

i s  considered f o r  three main categories o f  the public: the maximum individual,(a) the - 
(a) The maximum indiv idual  i s  a hypothetical resident whose habits would tend t o  maximize 

h is  dose. 



population wi th in  a 50-mile radius reference environment o f  a waste .f a c i l i t y  ( 2 m i l  l ion), 

and the world population ( 6 b i l l i o n  i n  the year 2000). I n  selected instances dose t o  

the population o f  the eastern ha l f  of the United States i s  also presented. 

Unless otherwise noted, doses are t o  the whole body; doses t o  other organs o f  in terest  

are presented i n  DOEIET-0029. Dose i n  t h i s  Statement i s  usual ly  expressed as a 70-yr accu- 

mu1 ated who1 e-body dose, a1 though where informative, f i rst-year doses are also given. I n  

some instances, mu1 t igeneration doses are provided. 

Health e f fec ts  are.calculated f o r  regional or worldwide populations based on the dose 

received by these populations from the aggregation o f  the f a c i l i t i e s  involved. The doses 

calculated t o  r esu l t  from indiv idual  f a c i l i t i e s ,  except f o r  nondesign basis reposi tory acci- 

dents, are usual ly too small t o  warrant discussion o f  health effects. 

I n  t h i s  Statement, 50 t o  500 f a t a l  cancers and 50 t o  300 serious genetic defects are 

assumed t o  resu l t  i n  an exposed population f o r  each m i l l i o n  man-rem o f  rad ia t ion exposure 

received ( fo r  a t o t a l  o f  100 t o  800 health e f fec ts  per m i l l i o n  man-rem). The p o s s i b i l i t y  

o f  zero r i s k  i s  not excluded by the available data, i .e., there i s  a p o s s i b i l i t y  tha t  no 
cancers may be caused by low doses o f  radiation. For fu r the r  discussion o f  the der ivat ion 

of these r i s k  factors, the reader should consult Appendix E. 

Also presented i s  an al ternat ive approach t o  analysis o f  exposure i n  which the es t i -  

mated radiat ion doses f r an  waste management ac t i v i t i e s  are compared wi th  more accurately 

known radiat ion doses from other sources such as na tu ra l l y  occurring rad ia t ion and radio- 

active materials. 

Radiation dose calculations (Appendix D) use models t o  develop t o t a l  doses by suming 

radiat ion doses from various radionuclides entering (or externa l ly  exposing) the human body. 
Each step i n  the dose calculat ion has uncertainty associated wi th  it. A common rad ia t ion 

protection pract ice has been t o  assign values t o  parameters used i n  dose calculat ion that, 

i f  uncertain, w i l l  tend t o  overstate rather than understate the resu l t i ng  dose. 

3.2.6 Socioeconomic Impacts 

The approach used i n  the analysis o f  socioeconomic impacts emphasizes changes i n  local  

employment and population caused by the construction and operation o f  a waste repository i n  

selected geologic media. The repositories examined i n  t h i s  analysis generate socioeconomic 

impacts i n  several ways: through the employment requirements o f  construction and operation, 

through the demand generated f o r  l o c a l l y  supplied materials and services, through secondary 

economic growth generated by the project, and through the publ ic revenues resu l t i ng  frw 
project  operation. I n  t h i s  generic Statement, the employment requirements are stressed 

because they more d i r e c t l y  a f fec t  impacts (such as demands f o r  housing, education, and 

heal th services) than do other requirements. Because tax structures and prospective reve- 

nues vary widely across potent ia l  s i tes  no meaningful and representative estimates o f  reve- - 
(a)  The only radionucl ides tha t  contribute s i  gn i f  i c a n t l  t o  worl dwide rad i  at ion doses f o r  3 the type o f  release mechanisms visualized here are H 1 4 ~ ,  and 8 5 ~ r .  For t h i s  

reason, worldwide dose calculations are based on 3 ~ ,  k, and a 5 ~ r  only. 



nue impacts can be provided in a generic study and no such estimates are prepared i n  this  
Statement. 

A baseline population from the s tar t  of construction of  a facil i ty until scheduled 
decomnissioning is projected. Work force requirements for the project are compared w i t h  the 
availability of workers already living i n  the area. Workers not available w i t h i n  carmuting 
distance of the s i t e  will imnigrate. The impact of their presence i n  the local area i s  
increased to the extent that they either induce secondary growth i n  the local economy or 
bring family dependents w i t h  them. The total influx of new people to an area can equal 
three or four times the number of primary workers hired from outside the area. The model 
distributes the total new population to the s i t e  county and surrounding counties on the 
basis of county size, distance to the work s i t e  and availability of housing. 

A generic assessment of the socioeconomic impacts incorporates the assumption that a 
variety of si tes are potential candidates. since the potential s i tes  may differ consider- 
ably i n  terms of  their distinguishing characteristics (especially population size, composi- 
tion and distrfbution, industrial composition of the labor force, and availability of social 
services), the potential effects of project development on a number of alternative si tes 
must be examined. In order to emphasize that the reference si tes used i n  this analysis are 
hypothetical, they are simply labeled Midwest, Southeast, and Southwest. Each reference 
s i t e  consists of a single county. The region w i t h i n  which the county i s  located i s  defined 
as the aggregation of a l l  counties falling substanti ally w i t h i n  a 50-mile radius of the 

.oi te. The forecasting model allocates imnigrants - to  these counties, then focuses upon the 
new population residing i n  the s i t e  county and upon the demands it places upon the county 
for social services. The objective of this generic analysis is to provide a range of prob- 
able socioeconomic impacts and to i 1 lustrate how variation i n  s i t e  characteristics and vari- 
ations i n  construction and operating requirements w i t h  different disposal media combine to 
produce demographic and economic pressures upon local areas. Whether or not these pressures 
become trans1 ated into actual net socioeconunic impacts depends upon how each comnuni ty 
resppnds i n  terms of the capacity of the service system to absorb new demands, the willing- 
ness of the comnunity to adjust to pressure for change, and the availability of mitigating 
strategies to the cmunity. 

3.2.7 Basis for Accident Analysis 

The accident analysis procedure for this Statement involves several steps. First, 
potential accidents are identified for each waste management function and a1 ternative tech- 
nology. Next, accidents are divided into four categories based on considerations of their 
potential to expose plant workers to  significant radiation levels and/or release radio- 
active material to the environment. Accidents i n  each severity category are t h e n  grouped 
by similar release characteristics. Finally, the largest potential accident release 
categorylaccident severity group is selected for environmental consequence analysis. In 
a l l ,  207 possible accident types Here examined for the waste manage&% system w i t h  116 of 
these having potential for offsite releases of radioactive materi al. Forty-six (46) of the 
releases were analyzed for environmental impacts. 



A l i s t i n g  o f  a l l  accidents considered i n  t h i s  analysis and the grouping o f  releases t o  

determine source terms for environmental consequence analysis i s  given i n  Section 3.7 o f  

Techno1 ogy f o r  Comnerci a1 Radioactive Waste Management (DOE/ET-0028). Environmental impacts 

o f  spec i f ic  source terms are presented i n  the Environmental Aspects o f  Comnercial Radio- 

act ive Waste Management (WE/ET-0029). 

Each waste management technology was examined for potent i  a1 accidents which might 

r esu l t  i n  o f f s i t e  releases or s ign i f i can t  impact on p lant  operations. Potent ia l  hazardous 

mater ia l  releases ( c a l l  ed source terms) were developed for these accidents using successive 

release fractions. The release f r ac t i on  i s  the f ract ion of radionuclide inventory tha t  i s  

released t o  the next containment bar r ie r  or t o  the environment. The rad ioac t i v i t y  released 

i n  an accident may be substant ia l ly  reduced by one or more barriers, such as high-eff iciency 

par t icu la te  a i r  (HEPA) f i l t e r  banks. The rad ioac t i v i t y  released t o  the environment was 

obtained by mu1 t i p l y i n g  the product of the release f ract ion for  each release mechanism and 

containment barr ier  (e.g., the accident, process equipment, HEPA f i 1 ters, etc.) by the 

radionucl i  de inventories involved i n  the operation. tlhere more than one waste management 
technique was examined, analysis was based on the example system waste form (see f igu re  

4.1.3 on page 4.8 f o r  the i den t i f i ca t i on  o f  the example waste forms). 

Accident frequency estimates were developed where possible. I n  the absence o f  actual 

accident experience estimates are based on previous experience wi th  s imi lar  equipment, whi le 

others are engineering judgment based on review of the conceptual designs. 

Following source term and frequency def in i t ion,  the l i s t s  o f  representative accident 

scenarios were c lass i f i ed  i n t o  three accident sever i ty groups: 

1. Minor--Process interrupt ions without potent ia l  for  s ign i f i can t  release o f  radio- 

act ive or other hazardous mater i a1 s. 

2. Moderate--Events wi th  potent ia l  f o r  small rad ioac t i v i t y  release. 

3. Severe--Events wi th  a potent ia l  f o r  s ign i f i can t  rad ia t ion hazards. 

The three accident c lass i f ica t ions cover the spectrum o f  design-basis accidents. Non- 

design-basis accidents (a  fou r th  category) includes a l l  accidents which exceed s i t e  c r i t e -  

(e.g., meteorite impact) or involve concurrent independent f a i l u r e  o f  process and 

mu1 t i p l e  containment system barriers. By v i r t ue  of p lant  design and operational techniques, 

the p o s s i b i l i t y  o f  nondesign-basis accidents i s  extremely un l i ke ly  during the design l i f e  

o f  the waste treatment or storage f a c i l i t y  and are not considered for these f a c i l i t i e s .  

However, f o r  geologic isolat ion,  because o f  the long period o f  required containment, sev- 

era l  nondesign-basis accidents (or  unexpected events) are postulated (Section 5.5). 

An umbrella source term concept was used to  l i m i t  the number o f  accidents requi r ing 

detai led impact analysis. Viewed independently of accident i n i  ti at ion sequences and f re -  

(a) S i te  c r i t e r i a  include: 1) def i n i  t i o n  o f  the maximum credible earthquake, surface f a u l t -  
ing, floods and wind ve loc i t ies  based on h i s t o r i ca l  evidence, loca l  and regional 
geology, and expert judgment; 2) loca l  and regional demography; and 3) proximity and 
de f in i t i on  o f  hazards caused by man. 



quenci es, source terms can be grouped by re1 ease severity for environmental consequence 
analyses. Releases were classified based on similar release pathways, chemical form, acci- 
dent severity category, and isotope types re1 eased (fission products, activation products, 
and actinides). The largest release from any of the accidents i n  a similar release group 

. was selected as the umbrella source term for that group. A sumnary description of impacts 
from the tnrbrella source terms for each waste management step i s  presented i n  Sections 4.8 
and 5.4. 

Releases of radioactive material to the environment result from both accidents and nor- 
mal operational re1 eases. Operational re1 eases result from routine hand1 ing or processing 
of radioactive materials Aand are limited by the containment system design and performance. 
They are expected to occur at a relatively uniform rate over the l i f e  of the plant. Acci- 
dental releases occur intermittently because of operational error or because of system com- 
ponent or containment failures. Severity of releases is generally inversely proportional 
to their frequency. The ma1 l-release, moderate-frequency mi nor accidents were character- 
ized for impact analysis i n  two ways: 1) as short-term intermittent release to describe 
their accidental nature and 2) as integrated releases averaged over one year to describe 
their moderate frequencies of occurrence. Integrated annual releases caused by minor acci- 
dents were added to fac i l i ty  releases from normal operations i n  determining environmental 
impacts for normal operation. Because of their low frequency, releases fran moderate and 
severe accidents are described as separate impacts and are not included i n  consequences of 
routine operation. 

3.2.8 Cost Analysis Bases 

Estimates of capital and operating costs for waste management predisposal 'operations 
and disposal i n  geologic repositories'were developed for this Statement. T h i s  section sum- 
marizes the assumptions and methodology used to derive these cost estimates, as well as the 
bases for estimating uncertainty ranges. A compl&e discussion of  cost bases and assump- 
tions is given i n  DOE/ET-0028, Vo1. 1, Section 3.8. 

The cost estimates themselves are.sumnarized i n  Sections 4.9 and 5,6 for predisposal 
and geologic-is01 ation -operations, respectively. Additional cost information on other dis-  

posal alternatives &ere the data base is generally more limited, is presented f n  the indi- 

vidual discussions of these a1 ternatives i n  Chapter 6. An analysis of, the overall systems 
costs of waste management and their impact on the cost of electric power is given i n  
Chapter 7. The costs presented i n  Chapter 7 represent a ful l  cost recovery of al l  identi- 
f i abl e costs including RbD costs and government overheads, . 

3.2.8.1 Bases for Capital, Operating and Decomnissioning Cost Estimates 

A constant dollar method of analysis is employed in which all costs, both present and 
future, are expressed i n  terms of the buying parer of the dollar i n  m~-1978.(~) This i s  

(a) The costs from DOE/ET-0028 were originally derived i n  terms of 1976 dollars and have 
been escalated here to 1978 dollars by multiplying by 1.17. 1980 dollar costs can be 
approximated by multiplying by 1.20. 



not meant t o  imply tha t  i n f l a t i o n  w i l l  not occur; rather, cost re1.ationships can be more 

eas i ly  understood and placed i n  perspective if they are stated i n  constant do l l a r  terms. 

Over the long term, the estimated costs developed i n  t h i s  study w i l l  increase a t  a r a te  corn- 

parable to the general ra te  o f  in f la t ion.  

Capital costs were derived by estimating requirements f o r  major equipment, bui ld ings 

and structures, s i t e  improvements, and construction 1 abor. Fpctors were then applied t o  

these d i rec t  cost estimates t o  generate other d i rec t  costs, ind i rec t  costs, architect- 

engineer costs, owner's s ta f f  costs during construction, i n i t i  a1 inventory costs and other 

startup costs. 

Operating costs include a l l  cost items iden t i f i ed  with operation. The number o f  man- 

hours, quant i t ies o f  materials, and requirements for u t i l i t i e s  were derived i n  each case 

from the f a c i l i t y  descriptions. The allowances f o r  maintenance, overhead, and miscellaneous 

costs were derived by applying factors t o  e i ther  c a p i t d  or d i rec t  labor costs. 

The capi tal  and operating cost methodology out l ined above i s  used t o  estimate a l l  o f  

the costs given i n  t h i s  Statement except for those of the transportation f a c i l i t i e s  (cost 

development f o r  transportation i s  discussed separately i n  Subsection 3.2.8.4). An allowance 

for working capital i s  also provided. Working capi ta l  i s  defined as the cash required t o  
operate a f ac i l  i ty, i .e., the difference between current assets and current 1 i a b i l  i ties. 

This cash i s  treated as an outflow of funds during the f i r s t  year of p lant  operation and as 

an inf low during the l a s t  year o f  operation. Working capi ta l  requirements are estimated a t  

50% of  the f i r s t  year's operating cost. 

The cost o f  waste management i n  t h i s  Statement also includes the cost o f  f a c i l i t y  

decomnissioning. Specific cost estimates were developed for decommissioning a reference 

spent f ue l  storage f a c i l i t y ,  mixed oxide fuel fabr icat ion plant, and f ue l  reprocessing 

plant. Based on these estimates, the costs t o  decomission indiv idual  waste management 
f a c i l i t i e s  not otherwise included i n  the decomnissioning o f  these primary f a c i l i t i e s  were 

estimated a t  10% o f  t he i r  capi tal  costs (except for underground repository f a c i l i t i e s  f o r  

which separate estimates were made). These costs are incorporated i n  the leve l  ized u n i t  

cost calculations f o r  these waste management f aci  1 f t ies.  The costs o f  decomissioning FRP 
and MOX-FFP f a c i l i t i e s  are included i n  the waste management system costs (Section 7.6). 

3.2.8.2 Bases f o r  Levelized Uni t  Cost Estimates 

Levelized wnit costs are capi ta l  and operating costs translated i n t o  equivalent, con- 

stant (or level)  annual un i t  costs. The un i t  cost i s  su f f i c i en t  t o  pay any in te res t  charges 

on debt; pay a l l  operating expenses, taxes and insurance; earn a specif ied re turn on out- 

standing capital; and recover the capi ta l  investment over the l i f e  o f  the project. I n  sum- 

mary form the leve l i ted  un i t  cost relat ionship can be expressed as: 

Levelized Un i t  Cost = Annualized Capital and Operating Costs 
Annualized Units Processed 

Since the calculated wnit costs are a function of taxes and returns on equity 

ownership f o r  each f a c i l i t y  i s  defined as ei ther pr ivate industry, Federal, or  u t i  

and debt, 

1 i ty 



ownership. The constant do l la r  weighted average cost-of-money rates and ranges (excluding 
an i n f l a t i on  premium) used i n  the level lzed u n i t  cost estimates are 10 - + 4%, 7 - + 3%(a) and 

7 2 2% for pr ivate  industry, Federal, and u t i l  i t y  ownership, respectively. Also included 

i n  the u n i t  cost  calculations are property taxes and s ta te  i n c m  taxes as wel l  as Federal 
i ncme taxes, accident and hazard insurance, and investment credits. 

For t h i s  Statement, most u n i t  costs are based on a 15-yr economic p lant  l i f e .  The tex t  

notes when p lant  l ives other than 15 years are used, as i n  some o f  the storage f a c i l i t i e s .  
However, because o f  the cost-of-money e f f e c t  over long t i n e  periods a t  the ra tes emplcyed 

here, p lant  l i ves  longer than 15 years have only a m a l l  e f f ec t  on u n i t  costs. Although i t  
i s  not anticipated, the en t i re  f a c i l i t y  could be replaced a f t e r  15 years wi th  no increase 
i n  u n i t  costs ( i n  constant dol lars)  beyond those estimated here. 

3.2.8.3 Uncertainty Ranges f o r  Cost Calculations 

Uncertainties i n  the level ized u n i t  cost  estimates were derived from uncertaint ies ca l -  

culated f o r  three components: l) capi ta l  costs, 2) operating costs, and 3) the cost of 

money. The range f o r  cap i ta l  costs r e f l ec t s  uncertaint ies i n  the de f i n i t i on  o f  the engi- 
neering scope required t o  provide a fu l ly - funct iona l  p lant  based on the technology described, 

as wel l  as uncertainties i n  the p r i c ing  and quanti t i e s  f o r  labor, materials, and equipment. 
A contingency covering these and s imi lar  factors has been included i n  the base capita1 cost 

estimate. The uncertainty f o r  cap i ta l  costs ranges from about 220% t o  558 ,  depending on 

the f a c i l i t y  and equil;ment, w i th  a median uncertainty o f  .about - +30%. The uncertainty i n  the 
operating costs f o r  most f a c i l i t i e s  i s  estimated t o  range from +50% t o  -25%. 

Because o f  the capi ta l - intensive nature o f  the nuclear industry, the do l l a r  value o f  
the cap i ta l  charge uncertainty generally overshadows the do l la r  value o f  the operating cost  

uncertainty f o r  most o f  the f a c i l i t i e s  evaluated. A weighted overal l  uncertainty range \$as 

calculated f o r  each u n i t  cost  based on the three component uncertainties. A s t a t i s t i c a l  
analysis o f  several example un i t  cost  calculations, assuming a normal random d i s t r i bu t i on  

o f  uncertainty around the three variables, indicates tha t  there i s  a 9 9 %  probab i l i t y  o f  
being w i th in  the t o t a l  uncertainty range c i t e d  f o r  each level ized u n i t  cost. 

3.2.8.4 Cost Estimates f o r  Transportation 

The un i t  cost development for  waste transport was somewhat d i f fe ren t  than f o r  other 
waste management f ac i 1 i ti es. 

Estimates o f  cap i ta l  costs o f  t ransportat ion .equipment were made assuming the equipment 

i s  supplied r epe t i t i ve l y  by qua l i f i ed  vendors on a competitive basis. The cap i t a l  cost  
estimate covers costs f o r  the complete t ransportat ion system including the cost o f  the cask, 

(a) Use o f  the 7% cost of money o r  discount r a t e  for a Federal pro ject  i s  based on the 
assumption that  a f u l l  cost recovery methodology would be adopted s imi lar  t o  tha t  des- 
cr ibed i n  DOE/EIS-0015, Vol. 4., where possible charges f o r  AFR storage o f  spent f ue l  
are described and a 6.5% discount r a te  i s  employed. The +3% range encompasses the 10% 
ra te  speci f ied i n  the 1972 OMB c i r cu la r  No. A-94 f o r  use % evaluating government pro- 
jects. The basis f o r  the p r i va te  industry and u t i l i t y  discount ra tes i s  described i n  
DOE/ET-0028, Vol . 1. 



ra i l  car or truck trailer,  tiedown system, cooling equipment ( i f  needed), and sun shields. 
Costs of locomotives and tractors were included i n  the freight or haulage charges and costs 
of the waste containers were included i n  the predisposal waste treatment costs. 

The capital costs were,translated into u n i t  cask use charges, using the u n i t  cost cal- 
culational procedure, private ownership financial parameters and the cask capacity. A cask 
use factor of 8OS (292 days per year) q d  an annual maintenance charge of 2% of the capital 
costs were assumed. 

Round-trip freight or haulage charges were developed (see WVm-0028, Vo1. 4, 
Section 6) for both rai l  and truck transportatf on. A u n i t  freight charge was developed by 
dividing the freight charge per t r ip  by the cask capacity. ' The total u n i t  transport cost 
was obtained by adding the u n i t  cask use charge to the u n i t  freight charge.' Additional 
detail' on transportation cost calculations is given i n  the previously mentioned reference. 

3.2.8.5 Research and Development Costs 

Costs for research and development have been included i n  the overall systems costs for 
waste management developed i n '  Chapter 7. 

3.2.9 Physical Protection Safeguard Requirements Assessment 

The characteristics of spent fuel, the waste materials and the faci l i t ies  were reviewed 
and safeguard requirements were identified for each of the waste management steps considered 
in t h i s  Statement. Results of this assessment are sumnarized i n  Section 4.10 for predis- 
posal activities, i n  Section 5.7 for mined geologic repositories and i n  Section 6.1 for 
other disposal a1 ternatives. 

Safeguard requirements for plants and materials In the nuclear industry are specified 
i n  the Code of Federal Regulations (10 CFR 70 and 10 CFR 73). They include physical protec- 
tion measures employed t o  prevent -the theft or diversion of spx i a l  nuclear material, t o  
preve"t tth willful release of radioactive material, and to prevent the sabotage of nuclear 
faci l i t ies.  The principal features of these requirements (10 CFR 73) are the protection 
forces ( guards), physical and procedural access controls, intrusion detection aids, communi- 
cations systems, and plans for emergencies and s t r i c t  accountability (10 CFR 70) of al l  
items containing nuclear material including fuel elements and containers of waste. Equip- 
ment items, systems, devices, or materials whose failure, destruction or release could 
directly endanger the public health and safety by exposure to  radiation are defined as 
"vitalm (10 CFR 73). Under the existing Code of Federal Regulations, spent fuel and some 
waste materials i n  the reprocessing c s l e  would be classified as vital,  and, the areas i n  
which they are processed would be vital areas. As such, these areas would require substan- 
t i a l  levels of physical protection. For example, Federal regulations specify two indepen- 
dent and successive physical controls over personnel and vehicular entry and exit to and 

' I 

fran vital areas. , , - , 

The required physical protection measures are affected by the potenti a1 risk of theft 
of material that has special strategic worth or is highly radioactive, or by the conse- 



quences to the public following sabotage at a facility handling these.materials. The level 
of the potential risk will in turn be determined by the characteristics of these possible 
targets and the kind and degree of threat anticipated. 

Safeguard requirements for the waste management facilities considered in this Statement 
uere characterized based on the attractiveness and accessibility of the wastes as potential 
targets for theft or sabotage. Attractiveness depends on composition and physical form of 
the waste. The important aspects of c~mpo~ition are the concentration of fissionable mater- 
ials and radioactivity, Radioactive wastes are not considered good sources of fissile mat- 
erial for the manufacture of a ueapon because of the small quantities of fissile materials 
per unit volume. Of the waste forms considered in this Statement, only spent fuel contains 
attractive quantities of such materials. However, the physkal condition of spent fuel 
waste requires sophisticated processing in order to recover the fissile material. Some 
highly radioactive nuclear wastes may be in a form that would be attractive to an adversary 
as a source of material that is readily dispersable and, because of the health hazard, could 
be used to threaten and extort gains from industries or public agencies. 

In evaluating the potential for sabotage, consideration was given to design features 
that could significantly reduce the consequences of sabotage and contribute to the protec- 
tion of this material. These desidn features include the thick shielding around the more 
radioactive process vessels (walls up to 2 m thick); tornado, earthquake and flood protec- 
ti on requirements for all key process f aci 1 i ties; monitored cells and operations; and equip- 
ment for detecting and coping with releases of radioactivity. These features generally 
result in facilities that are unattractive targets for sabotage. 

Accessibility of the waste materials was also considered. Factors affecting accessi- 
bility include: 1) quantity available at a given location, 2) the degree of isolation of 
the location, and 3) the complexity of the devices necessary for handling the material 
(e.g., whether they are operated manually or automatically and whether special knowledge or 
skills are required). 

The final element considered in assessing safeguard requirements was the threat level 
of potential adversaries. The overall safeguard risk was assessed by considering the above 

- elements--the attractiveness of the material, its accessibility, and the threat level--in 
the following relationship: 

Risk to Society = Frequency x Success Rate x Consequences 

The frequency of attempts, related in part to the attractiveness of material; the success 
rate, related in part to the availability of the material; and the consequences, measured 

by effects on the public and the environment, are also all affected by the skills, motiva- 
tion, financial backing and Intrepidness of potential adversaries. A1 1 contribute to the 
risk to society. The relationship shows that if one or more of these factors is very small, 
the risk to society is also small. 

Frequency and success probabilities are difficult to define. 'However, safeguards mea- 
sures normally in place for the vital facilities and vital materials of the fuel cycle are 



designed to reduce the frequency'and success rate to very small values. The safeguard mea- 
sures will also significantly reduce the consequences of an adverse action through implemen- 
tation of safeguard emergency plans by providing effective response to threats and attempted 
adversary actions, and by providing effective assistance to public agencies i n  protecting 
the public from the consequences of these threats and actions.(a) 

(a) See Appendix E of 10 CFR 50 and Appendix C of 10 CFR 731 
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3.3 NATURALLY OCCURRING RADIATION AND STANDARDS FOR EXPOSURE TO M&DE RADIATION 

Although pub1,ic awareness regarding rad ia t ion has grown markedly i n  recent years, many 

readers may not be aware o f  a l l  of the kinds and quant i t i tes  of natura l ly  occurring radia- 
t i o n  around them. Because of  t h i s  and because natura l ly  occurring rad ia t ion can of ten be 
used as a meaningful perspective for evaluating rad ia t ion exposure from other sources, a 
sumnary o f  rad ia t ion from natura l ly  occurring sources i s  provided. 

To protect workers and the publ ic from excessive exposure to man-made rad ia t ion sources 
and yet rea l i ze  the benef i t  from the use o f  these rad ia t ion sources, standards or l i m i t s  of 
exposure for various circumstances have been establ ished by several author i tat ive bodies. 
Exposures up t o  these standards are believed not to resu l t  ili undue r i s k  t 6  the individual. 

Regardless, the pract ice o f  keeping exposures as law as reasonably achievable i s  fundamental 
i n  the rad ia t ion protection f ie ld .  As a consequence, i n  many f a c i l i t i e s  the average expo- 
sure i s  not more than one-tenth o f  the occupational standard. Because of the importance o f  
standards i n  the control o f  radiat ion exposure, a summary of presently applicable standards 
i s  also presented. 

3.3.1 Natural Radioact iv i ty and Radiation 

Depending on t h e i r  ac t i v i t i es  and location, people are exposed i ?  varying 

several sources o f  ioniz ing radiat ion found i n  nature. Cosmic rad ia t ion enter 
earth's atmosphere and crust i s  one natural source o f  exposure. Also, nuclear 
o f  cosmic rays with matter produce radiat ion and radionuclides t o  which people 
Other sources exposing people t o  rad i  ation are natura l ly  occurring radioelemen 
earth' s crust. 

degrees t o  
i ng  the 
interact ions 
are exposed. 

ts i n  the 

Natural rad ioac t i v i t y  includes a l l  ioniz ing radiations and radionuclides except those 

t ha t  have been produced by man's act iv i t ies ,  such as tha t  produced by nuclear weapons, bom- 
bardment o f  targets by ion accelerator beams, i n  nuclear reactors, and from medical and 
dental x-rays. Sometimes a d is t inc t ion  i s  made between natural rad ioac t i v i t y  i n  an unmined 
uranium ore body and "enhanced rad ioact iv i ty"  i n  mine or m i l  1 ta i l ings,  f o r  example, radio- 
a c t i v i t y  l e f t  on the earth's surface. 

The fol lowing discussion o f  and dose ra te  t o  the U.S. population from 
natural rad ioac t i v i t y  i s  presented as perspective for dose estimates associated wi th  man- 
agement o f  comnerci a1 radioactive wastes i n  the LWR fue l  cycles. No contention i s  made 
tha t  exposure to natural rad ioac t i v i t y  i s  or i s  not harmful. However, when doses associ- 
ated wi th  waste management are small f ract ions o f  natural background dose, such doses 

would probably be viewed as insigni f icant.  

(a) The discussion of  natural rad ioac t i v i t y  was taken 1 argely f r o m  Natural Background 
Radiation i n  the United States, NCRP Report No. 45, Washington,JC, 

(b) Throughout t h i s  Statement, the t e n  Hdosew may generally be taken tolt%d the more 
rigorous term ndose-equivalent." The 1 atter; expressed i n  un i ts  o f  rem o r  m i l  lirem 
(one one-thousandth o f  a rem), implies a consistent basis f o r  e s t i m a E  o f  consequen- 
t i a l  health r isk ,  regardless o f  rate, quantity, source, or qua l i t y  o f  the rad ia t ion 
exposure. Unless otherwise specified, dose i s  that  f o r  the whole body. 



3.3.1.1 Cosmic Radiation 

Cosmic radiation refers both to  primary energetic particles of extraterrestrial origin 
that strike the earth's atmosphere and to secondary particles generated by the interaction 
of primary particles uith the atmosphere (radionucli des produced by cosmic radiation are 
discussed later). The primary cosmic radiation consists of particles produced outside the 
solar system and particles emitted by the sun. The cosmic ray dose rate to the population 
living a t  sea level is.about 26 mrem per year, taking into account shielding from struc- 
tures, Considering the altitude distribution of the U.S. population, the average dose rate 
is 28 mrem per year. In Denver, which i s  the largest c i ty  at  a relatively high altitude 
(1600 meters) i n  the United States, the average dose rate from cosmic rays is about 50 mrem 
per year. In Leadville, Colorado (3200 meters), which has a population of about 10,000, 
the average cosmic ray dose rate amounts t o  125 mrem per year. High altitude airplane 
flights add a small fraction to the population dose fran cosmic rays a t  ground level. For 
example, a jet f l ight  of 5 hours duration (e.g., transcontinental or transatlantic a t  12 km 
altitude) a t  mid-latitudes would result i n  a dose of approximately 2.5 mrem to the whole 
body. An extreme case would be a 10-hr polar route f l ight  from, for example, California to  
Europe uhere the long f l i g h t  time and the higher comic ray intensities a t  high latitudes 
would result i n  a passenger dose of approximately 10 mrem (or 20 mrem for a round trip). 

3.3.1.2 Terrestrial Radioactivity 

Terrestrial radioactive material i s present i n  the environment because naturally 
. radioactive isotopes are constituents of a number of elements i n  the earth's crust. The 

nuclear interaction of cosmic rays w i t h  constituents of the atmosphere, soil,  and water 
also produce a number of different radionuclides. These naturally occurring radionuclides 
give r ise to both external and internal irradiation s f  man. 

Cosmogenic Radionucl ides 

Cosmogenic radionucl i des are produced through interaction of cosmic rays w i  t h  atoms i n  
the atmosphere and i n  the WterntD~t layer of the earth's crust. The entire geosphere con- 
tains radionuclides produced i n  this fashion. The four cosmogenic radionuclides that con- 
tribute measurable dose to  man are hydrogen -3 (tritium) ( 3 ~ ) ,  be~yllium-7 ( 7 ~ e ) ,  carbon-14 
(14c), and sodium-22 (22~a ) ,  al l  produced i n  the atmosphere. The total contribution to 
the average dose rate ( i n  addition to direct cosmic radiation) by these four nuclides is 
less than 1 mrem/yr. 

Primordial Radionucl ides 

Several dozen naturally occurring nuclides are radioactive w i t h  half-lives of a t  least 
the same order of magnitude as the estimated age of the earth (4.5 x 10' yr), and are con- 
sequently assumed to  represent a prlmordial inventory ( that  is, some radionuclides are 
remaining since the formation of the world). There are three chainror series radionu- 
clides headed by thorium-232 (U2~h) .  uranium-235 (235~) ,  and uranium238 (238~). These 
radionuclides decay ultimately to a stable isotope of lead through a chain of decaying 
nuclides of wide ranging half-lives. These chains contain the, perhaps more familiar, 



nuclides radium226 (226~a)  and radon-222 (222~n )  as well as 31 other~radionuclides. 
Other radionuclides decay d i r e c t l y  t o  stable nuclides. The most s ign i f i can t  o f  the primo- 

rad ia l  radionuclides i n  terms o f  dose i s  pkassium-40 (40~) .  Aside from a small contribu- 

t i o n  t o  dose by rubidium-87 (87~b),  the remainder of the primordial radion"c1i des, including 
plutonium-244 (244~u), =cur i n  extremely small amounts and make no s ign i f i can t  cont r ibut ion 
t o  dose. Doses resu l t i ng  from these primordial radionuc l ides are discussed below. 

External G m a  Radiation. The s ign i f i can t  contr ibutors t o  d ~ s e  t o  people from outside 

o f  t h e i r  bodies are 4 0 ~  and the decay products of the 2 3 8 ~  and 2 3 2 ~ h  series. The p r inc ipa l  

determinant of outdoor t e r r e s t r i a l  rad ia t ion a t  a given locat ion i s  the s o i l  concentration 

o f  natural  radionuclides. I n  addit ion t o  s o i l  composition, the rad ia t ion  outdoors varies 

depending on the moisture content o f  the soi l ,  the presence and amount o f  snow cover, and 
on the radionuclide concentration i n  the atmosphere which i t s e l f  i s  qu i te  variable. 
Indoors, the leve l  o f  rad ia t ion i s  modified by the degree o f  shielding provided by the 

bu i ld ing materials against the outdoor radiation, and the amount o f  rad ia t ion  or ig inat ing 
frm radionuclides i n  the bu i ld ing materials. Variations i n  outdoor rad ia t ion  w i l l  be par- 
t i a l l y  re f lec ted indoors and, i n  addition, the cont r ibut ion from radon decay products w i l l  
depend on the room a i r  ven t i l a t ion  rate. Each of these factors  can p lay an important r o l e  
i n  determining the exposure received by the population. 

The overa l l  population-weighted dose ra te  i n  the United States from external terres- 
t r i a l  rad ia t ion i s  estimated t o  be 28 mrem/yr. Moreover, v a r i a b i l i t y  i n  external terres- 
t r i a l  rad ia t ion i s  larger than tha t  f o r  sther natural  sources o f  human exposure. This 

var ia t ion i n  dose ra te  i s  characterized by nominal external t e r r e s t r i a l  dose ra tes t o  the 
whole body o f  15, 30, and 55 mrem/yr f o r  the A t lan t i c  and Gulf Coastal Plains, f o r  the 

major i ty  o f  the United States, and for an undetermined area along the  Rocky Mountains, 
respectively. 

I n t e rna l l y  Deposited Radionucl ides. While a l l  natural  radionucl i des may add t o  in te r -  

nal  ( i ns ide  the body) rad ia t ion doses, only a few are found t o  be s ign i f i can t  contributors. 

These include 3 ~ ,  14c, 4 0 ~ ,  and 2 2 6 ~ a  and 228~a  and t h e i r  decay products. Within the United 
' 2  

States, a l l  o f  these are r e l a t i v e l y  uniformly d is t r ibuted so t ha t  t h e i r  levels i n  foods and 
w t e r  do not vary appreciably wi th  geographic location. I n  the  United States widespread 
food processing and widespread transportation o f  foods and people have an addi t ional  
" a3~eraging" e f f ec t  on radionucl i de contents o f  d ie ts  throughout a l l  geographic areas. 

I 

The average t o t a l  in terna l  whole-body dose ra te  o f  about 22 mem/yr i s  dominated by 
aboat 20 mrem/yr from 4 0 ~ .  ( a) Dose ra tes t o  specif i c  organs from i n te rna l l y  deposited 

rzclionuclides are about 30 mrem/yr t o  the gonads and other so f t  tissues, 60 mrem/yr t o  bone 

! e) Potassium i s  an essential element i n  the body and i s  physiologica71y controlled, hence 
var iat ions i n  d ie tary  composition w i l l  have l i t t l e  e f f ec t  on body content or rad ia t ion 
dose received. The same i s  large ly  t rue f o r  the cosmogenic radionuclides 3~ and 1 4 ~ .  



surfaces, and 25 mrem/yr to bone marrow. The dose to women from internally deposited 
radionuclides i s  about 25% lower than that to  men, because of th&r smaller potassium con- 
tent per u n i t  body weight. 

Dose to  Lung from Inhaled Radionuclides. Dose to the lung from natural airborne 
radionuclides results principally from the alpha-emi t t i n g  daughters of '*'~n. The short 
range of alpha radiation means that the doses are delivered locally to the lung tissue, 
particularly t o  the bronchial epithelium. The average dose rate to the total lung i s  about 
90 mrem/yr, while the bronchi epithelium receives about 450 mrem/yr. 

Variability i n  dose rate to the lung i s  dependent on local concentrations of 2 2 2 ~ n .  
There i s  some increase i n  areas w i t h  elevated levels of 2 3 8 ~  and *6~a  i n  soil and a 
decrease in coastal regions during periods of onihore winds. Levels of 2 2 2 ~ n  indoors are 
dependent on the building's structural materials and ventilation rates. Dose rates to the 
lungs of*smokers from the long-lived decay products lead-210 (210~b) and 210~o from '''Rn 
m q y  be up to three times higher than for nonsmokers. 

3.3.1.3 Smary  of  Whole-Body Dose 

From the foregoing, the combined whole-body dose rates from terrestrial radioactivity 
received by groups a t  1) sea level for the Atlantic and 6ulf Coastal Plains, 2) for the 
majority of the United States, and 3) for an undetermined area along the Rocky Mountains is 
15, 30, and 55 mrem/yr, respectively. The internal and cosmic ray dose rate to  the whole 
body adds about 50 mrem/yr, which results in totals of 65, 80, and 105 mrem/yr as show i n  
Table 3.3.1. 

The whole-body dose rate for groups l iv ing  a t  an altitude of 1500 m would be increased 
by about 20 mrem/yr fran the increased cosmic ray radiation. A total whole-body dose rate 
of 125 mrem/yr from all  sources essentially represents the situation for the c i ty  of Den- 
ver, where both cosmic and terrestrial components are higher than average. 

In th is  Statement, doses calculated as resulting from various waste management activi- 
t ies  are often compared w i t h  the* dose received from naturally occurring sources. To avoid 
use of rang& of naturally produced doses and to suggest the lack of certainty i n  the value 
for any individual, a well-rounded 100 mrem/yr dose rate has been used for illustration. 
On that basis, the doses used i n  this report for the population and time periods cited are 
as given i n  Table 3.3.2. 

TABLE 3.3.1. Sumnary of Average Whole-Body Dose-Equivalent Rates 
from Naturally Occurring Radiation, mrem/yr 

Cosmic Rays Terrestrial Radiation 
(Sea Level) External Internal - Total 

Atlantic and Gulf 
Coastal Plains .28 15 22 - 65 

Majority of U.S. 28 30 22 80 
Rock Mtn. Area 28 55 22 105 



TABLE 3.3.2. 'Nominal Who1 e-Body Dose Equivalents -from 
Naturally Occurring Radiation 

Annual Dose 70-Y ear Accumul ated Dose 
Individual 0.1 rem 7 rem 
Regional Population (2 m i  1 lion) 2 x 10 5 man-rem (a) 7 1.4 x 10 man-rem 

8 Uorld-UidePopulation(6billion) 6 x 1 0  man-rem 4 x 10 10 man-rem 

(a) Man-rem: the sum of the product of the dose received and the number of individuals 
receiving that dose. 

Using the foregoing population doses from naturally occurring radiation and the rela- 
tionship between population dose and health effects as described i n  Appendix E (50 to 
500 fatal  cancers plus 50 to 300 serious genetic defects per million man-rent),(') the number 
of health effects t h a t  migh t  be associated wi th  naturally occurring radiation were calcu- 
lated and are presented in Table 3.3.3. 

TABLE 3.3.3. Health Effects Calculated for 70-yr Accumulated Dose from 
Naturally Occurring Radi oactive Sources 

Serious Total 
Fatal Cancers Genetic Pef ects Health Effects 

Re ional Population . 700 to 700 to 1,400 to 
q2 million) 7,000 4,000 11,000 

Uorld-WidePopulation 2,000,000to 2,000,000to 4,000,000to 
(6 billion) 20,000,000 10,000,000 ~ s 0 0 0 s m  

3.3.2 Applicable Standards for Radiation Exposure Control 

A number of existing standards provide for administrative control of potenti a1 radio- 
logical impacts from waste management operations. These are embodied either in.  the & 
of Federal Regulations (CFR) or comparable codes of state and local governments. Some of 
these standards are presented here and a more extensive treatment i s  given in Appendix C. 

3.3.2.1 Basic dadiation Standards 

The basic radiation standards that apply to all NRC licensees are given i n  Title 10 

(a) Other suggested conversion factors would indicate more effects and others less, not 
excluding zero effects. The Cornittee on the Biological Effects of Ionizing Radiation 
(BEIR), National Academy of Sciences, released in July of 1980 an updated report, the 
BEIR I11 report, that indicates .risk estimates of cancer death from low levels of 
radiation are only half what they were thought to be eight years ago (as reported in 
the BEIR I report, 1972). The range of conversion factors used i n  this statement 
encompass the values suggested i n  both the BEIR I (1972) and BEIR 111 (1980) reports. 



Part 20 of the Code o f  Federal ~ e ~ u l a t i o n s  (10 CFR 20). T i t l e  10 i s  based on NCRP, ICRP 
and FRC guidelines (25 F.R. 4402 e t  seq May 18, 1960) on radiation standards and the U S .  
Government has endorsed the modelregul atory code of the United Nations, which closely f o l -  

l w s  ICRP philosophy. An excerpt from 10 CFR 20 follows: 

20.101 Exposure o f  individuals to  radiation i n  restr icted areas.* (a) Except as pro- 
vided i n  paragraph (b) o f  th is  section, no licensee shall posses, use, or transfer 
licensed material i n  such a manner as to cause any individual i n  a restr icted area t o  
receive i n  any period of one calendar quarter from radioactive material and other 
sources of radioton i n  the licensee's ~ossession a dose i n  excess of the l im i t s  speci- 
f ied  i n  tti following table: 

rem/calendar quarter 

Whole body; head and trunk, active blood forming 
gonads , . . . . . 
Hands and forearms; feet and ankles . . 
Skin o f  whole body . . . . . 

(rem/year ) 

organs; lens of eyes, and . 1-1/4 (5) 

. . . 18-3/4 (75) 

. 7-1/2 (30) 

(b) A licensee may permit an individual i n  a rest r ic ted area to  receive a dose to the 
whole body greater than that permitted under paragraph (a) o f  th is  section, provided: 

(1) during any calendar quarter the dose to  the whole body from radioactive material 
and other sources of radiation i n  the licensee's possession shall not exceed 3 rems; 
and 

(2) the dose,to the whole body, when added t o  the accumulated occupational dose t o  the 
whole body, shal l  not exceed 5 (N-18) rems where *N* equals the individual% age i n  
years at his las t  birthday. 

*"Restricted Aream means any area whose access i s  controlled by the licensee t o  
protect individuals f ran exposure t o  radiation and radioactive materials. ' 

T i t l e  10 Part 20 also tabulates l im i t i ng  concentrations i n  a i r  arid water f o r  many 
radionuclides, f o r  both the working environment and unrestricted areas, which are not t o  
be exceeded, For individuals i n  rest r ic ted areas, these concentration 1 i m i  t s  have been 
calculated, based on continuing exposure f o r  50 years and standard physiological parame- 
ters, t o  give doses no higher than either those specified above or 15 rem per p a r  t o  non- 

specified organs of the body. 

For unrestricted areas, standards specify that  no individual should receive a dose t o  

the whole body i n  any one calendar year i n  excess of 0.5 rem, although some exceptions based 

on primary concurrent l im i ts  (see 10 CFR 20.105) do allow higher doses. I n  addition, the 
average dose f ran a l l  modes of exposure t o  *a suitable sample of an exposed population 
groupm should not exceed one-third of '  the l im i t i ng  dose cr i ter ia .  Concentration Guides fo r  

a i r  and water i n  unrestricted areas are based on 1 imits of the resultant annual dose t o  

individuals ( to  either the whole body or specif ic body organs) o f  not more than one-tenth 

the l im i t ing  dose f o r  restr icted areas. 

Since radiation protection s i d e s  f o r  the general public are based.on averages over a - 
period of 1 year or longer, the evaluation of long-term average exposures should include 
consideration of reasonable annual occupancy factors as well as the va r iab i l i t y  o f  the 

exposure rates. 



3.3.2.2 Other Requirements 

EPA Uranium Fuel Cycle Standards 

Federal Reorganization Plan No. 3 o f  1970 spec i f i ca l l y  transferred 
Protection Agency (EPA) the authority t o  establish standards f o r  'quant 

t o  the Environmental 
i t i e s  of radioactive 

materi a1 s i n  the environment ." Under t h i s  author1 ty, EPA i n  1977 issued regulations 
(40 CFR 190) prescribing "Environmental Radiation Protection Standards f o r  Nuclear Power 
 operation^,^ which read i n  part: 

190.02 Def ini t ions 

(b) "Uranium fuel  cyclett means the operations of mi l l i ng  o f  uranium ore, chemical 
conversion o f  uranium fuel  , generation of e l e c t r i c i t y  by a light-water-cool ed 
nuclear power plant using uranium fuel, and reprocessing o f  spent uranium fuel, 
to the extent that  these d i rec t l y  support the production of e lect r ica l  power f o r  
pub1 i c  disposal sites, transportation of any radioactive materials i n  support o f  
these operations, and the reuse of recovered non-uranium special nuclear and 
by-product materi als from the cycle. 

190.10 Standards f o r  Normal Operations 

Operations covered by th i s  Subpart shal l  be conducted i n  such a manner as t o  pro- 
vide reasonable assurance that: 

(a) the annual dose equivalent does not exceed 25 mil l irems t o  the whole body, 
75 millirems t o  the thyroid, and 25 m i l l i r w  to any other organ of any member of 
the public as the resu l t  of exposures t o  planned discharges of radioactive mate- 
r ia ls ,  radon and i t s  daughters excepted, to the general environment f ran  uranium 
fue l  cycle operations and t o  radiat ion from these operations. 

(b) the to ta l  quantity of radioactive materials entering the general environment 
from the ent i re  uranium fuel  cycle, per gigawatt-year of  e lect r ica l  energy pro- 
duced by the fue l  cycle, contains less than 50,000 curies o f  krypton-85, 
0.5 m i l  1 icur ies of  iodine-129, and 0.5 m i  11 icur ies combined o f  p l  utonium-239 and 
other alpha-emitting tramuranic radionuclides with hal f- l ives greater than one 
year. 

By de f in i t ion  these regulations do not apply t o  transportation or operations at  waste 
disposal s i tes but do apply t o  reprocessing of spent uranium fuel  f o r  reuse i n  the genera- 
t i on  o f  electricity.(a) where applicable these regulations supersede the related por- 
tions o f  10 CFR 20. The basis f o r  the numerical values given was a costlbenefit analyses 
of  expected reductions o f  estimated environmental doses and consequent "health effectsn 
versus estimated dol lar  costs of addl t ional ef f luent treatments. 

Clean A i r  Act Amendments of 1977 

The 19j7 amendments to  the Clean A i r  Act specif ical ly required the EPA Administrator 
to determi& whether 'emissions of radioactive pollutants w i l l  cause or contribute to a i r  
po l lu t ion which may endanger publ ic health. The Administrator has made an aff irmative 

(a) EPA i s  presently developing radiat ion protection standards f o r  the disposal of 
high-level waste. I n  addition, NRC has published an Advanced Notice o f  Proposed 
Rulemaking re la t i ve  t o  t he i r  technical c r i t e r i a  f o r  geologic disposal of high-level 
waste. 



f inding and l i s ted  radionuclides as hazardous a i r  pollutants under Section 112 of the Act 
(44 FR 76738, December 27, 1979). EPA must now propose regulations establishf ng emission 

standards f o r  radionucli des. 

Marine Protection, Research and Sanctuaries Act of 1972. Public Law 92-532 

Dmping of any material in to  ocean waters i s  permitted only pursuant t o  a permit from 

EPA, or, f o r  dredged material, the Corps o f  Engineers. The Act spedf  i c a l l y  issu- 

ance o f  a permit for dumping of high-level radioactive waste. 

Department of Enercry Requirements 

Other than the quarterly fractionation of the Nuclear Regulatory Cmiss ion  dose 

l imits, and with minor exceptions fo r  specif ic body organs, the l im i t ing  dose c r i t e r i a  o f  

10 CFR 20 are the same fo r  Department of Energy operations, as given i n  ERDA Manual Chap- 
\ 

t e r  0524 (ERDA 1975). Any new f a c i l i t i e s  f o r  c m e r c i a l  high-level waste management are 
expected to be licensed by the Nuclear Regulatory Cmission. 

State Regulations 

Under Section 274 o f  the Atomic Energy Act of 1954 as amended, a number of states and 

the Nuclear Regulatory Comnission have executed agreements that permit a state to  grant 
licenses for the control of  specified nuclear ac t iv i t ies  within the state boundaries. Pro- 

duction and u t i l i za t i on  of special nuclear materials and Federal f a c i l i t i e s  are speci f ica l ly  
excluded. Examples of state-1 icensed ac t iv i t ies  are the comnercially operated low-1 eve1 

. waste burial  s i tes at Barnwell i n  South ~aro7 ina  and a t  Hanford i n  Uashington. Although 
each agreement state may establish i t s  own inventory l im i t s  and administrative, surveil- 
lance, and reporting requirements, the same basic radiation protection standards apply as 
for Federally licensed fac i l i t i es .  Further, under provisions of the Clean A i r  Act Amend- 
ments o f  1977, the states may set standards f o r  radioactive emissions i n  the a i r  which are 
more stringent than Federal standards. 

EPA klaste Management Standards 

The Environmental Protection Agency i s  responsible f o r  developing standards applicable 

t o  a l l  Federal radioactive waste management programs; these standards w i  11 be implemented 
i n  NRC regulations. EPA has published fo r  public review the i n i t i a l  formulations of the i r  

standards. 

I n  comnenting on the draf t  of th is  Statement the EPA stated that they are presently 

proposing c r i t e r i a  and standards f o r  radioactfve waste management. These c r i t e r i a  and 

standards w i l l  be applicable t o  any disposal of high-level waste or spent nuclear fuel. 

NRC Rules f o r  Licensing o f  Geolosic Repositories 

The Nuclear Regulatory Comnission has the statutory authority tcr license f ac i l  i t i e s  

used pr imari ly f o r  the receipt and storage of high-level radioactive wastes resul t ing from 
act iv i t ies  licensed under the Atomic Energy Act of 1954 and the Energy Reorganization Act 

of 1974. The Cmiss ion  has indicated that regulations ci-rering the l icensing o f  De- 



partment o f  Energy disposal f a c i i i t i e s  w i l l  be issued as Part 60 of Chapter 10 of the Coda 
o f  Federal Regulations (10 CFR 60). The procedural par t  o f  the NRC regulations was 
published f o r  comnent on December 6, 1979. It ts expected that the technical portion o f  

the regulations w i l l  be published f o r  comnent i n  l a te  1980. 

DOT Regwl a t i  ons 

Regulations governing the packaging, labeling, and shipping of radioactive materials, 
including radioactive wastes, are given i n  T i t l e  49 o f  the Code of Federal Regulations 
and are too voluminous to  be reproduced here. Included are descriptions o f  approved 
shipping containers f o r  various quantit ies and types of radioactive materials, including 
performance c r i t e r i a  for protection against accidental damage. Limits on external levels 
o f  radiation are provided. 
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3.4 RISK AND RISK PERSPECTIVES 

The potential environmental impact of nuclear waste isolation is  often judged on the 
basis of a variety of risk andlor perceived risk issues. In this Statement, risk is  defined 
as .probable loss. I t  i s  defined as the sum product of the magnitude of losses (the conse- 
quences) and the probability that these losses will occur. As defined, it does not  dis- 
criminate between present or future events or between those of low probability/high magni- 
tude and of high probaMlity/lesser magnitude. Ordinary use of the term risk i s  not always 
consistent with this definition. For example, events of large magnitude, no matter how 
improbable, may be termed a large risk simply because of the size of the consequence. 
Similarly, when considerable uncertainty surrounds the estimate of probability or conse- 
quence, it might be said that a large risk i s  present. In both of these cases, the 
expected or most probable loss may be quite low. 

Historically, society has tended to concentrate on minimizing the occurrence of high 
consequence events while giving l i t t l e  attention to low consequence events, An example is 
the required FAA safety certification of airplanes versus the relatively minor safety 
requirements for automobiles (seatbelts, safety glass, etc.). Americans are killed by the 
tens of thatsands per year i n  auto accidents and by hundreds i n  airplanes. Yet i t  appears 
much more attention if not concern is given to 100 plane deaths than to 100 auto deaths, 
There is  justification for placing attention on potential catastrophic events if such events 
could affect society's ability to recover from the catastrophic events. However, I t  is  
important to keep i n  mind that the amount of risk is not the only consideration i n  society's 
assessment of risk. Consideration of the benefit associated w i t h  that risk (or why the risk 
is  being taken) also places the risk i n  perspective. The risk analyses i n  t h i s  Statement 
do not attempt to quantify the benefit associated w i t h  the generation of electricity which 
results i n  the production of nuclear waste. 

This Statement considers the societal risk of the predisposal waste management techno- 
logies, the risk of operating a repository and the risk of long-term loss of containment or 
isolation. Two approaches to analyzing long-term risk are presented below: comparative 
hazard indices for both radioactive and non-radioactive materials including nuclear wastes, 
and the long-tek analysis and risks associated w i t h  various scenarios for the release of 
radionuclides from deep geologic burial to the biosphere (consequence studies). 

3.4.1 Hazard Indices 

Hazard indices are based on estimates of potential risk of released radionuclides cm- 
pared to other risks. The hazard indices can show whether the quantities of toxic radioac- 
tive waste exceed the toxic quantities of other chemicals and substances routinely handled 
i n  our society. A number of hazard indices have been developed which are useful in varying 
degrees i n  characterizing the risk. They are sumnarized i n  Appendix H of Volume 2. Hazard 
indices associated with radioactive materials are considered useful t o  the extent that the 
comparisons inform the reader about the magnitude of hazard comparZd to more familiar 
hazards. 



One such hazard index i s  based on the amount bf water required to bring the concentra- 
tion of a substance to allowable dr ink ing  water standards. In the case the amount 
of water required to bring the quantity of uranium ore (0.2% U308) necessary to make 1 MT 
of reactor fuel to drinking water standards (7 x lo-' gh) was used as a basic hazard index. 
Assuming enrichment of 2 3 5 ~  to 3%. about 3.400 MT of ore would be required (95% recovery to 
make 1 MT of fuel. The hazard index of natural uranium of this quantity of ore is 

7 3 8.7 x 10 m . The hazard index of the radionuclfdes in 1 MT of spent fuel was calculated 
based on 10 CFR 20 drinking water standards and sumned for various times after the spent 
fuel was removed from the reactor. The hazard index for high-level waste from uranium- 

7 3 plutonium recycle was calculated i n  a similar way. Division by 8.7 x 10 m made the 
hazard index relative to  0.2% uranium ore. In addition the hazard index of various ores was 
calculated relative to the volume of uranium ore equivalent to 1 MT of reactor fuel. These 
indices are presented i n  Table 3.4.1. 

TABLE 3.4.1. The Relative Toxicity (Hazard) of Various Ores 
Compared to U Ore (0.2%) 

Type of Ore Average Ore Rich Ore 

Arsenic 1 10 
Barium 5 20 
Cadmium 28 120 
Chromi m 170 230 
Lead 40 100 
Mercury 46 0 3800 
Silver 1 7 
Selenium 70 220 

The hazard index for spent fuel and high-level waste 1s shown in Figure 3.4.1, 
together with simi larly developed hazard indices for ranges of cannon ores. 

As seen in Figure 3.4.1 the hazard index for spent fuel or reprocessing waste from 
uranium-plutonium recycle relative to the ingestion toxicity of the volume of 0.2% uranium 
ore necessary t o  produce 1 MT of reactor fuel is on the order of that for rich mercury ores 
a t  about 1 year after removal of the spent fuel. The hazard index i s  on the order of  that 
for average mercury ore at about 80 years. By 200 years the index is  about the same as 
average lead ore. By 1500 years the relative hazard index for high-level waste is the same 
as the ore from which the fuel was made. For spent fuel the relative hazard index i s  about 
the same as the ore from uhich i t  came a t  about 10,000 years. 

1 

I t  is not suggested that spent fuel or high-level waste are not toxic. They are highly 
dangerous i f  carelessly introduced into the biosphere. I t  is, however, suggested that where 
concern for the toxicity of ore bodies is not great, then spent f u d  or high-level waste 
should cause no greater concern particularly if placed w i t h i n  multiple-engineered barriers 
in geologic formations at least as, if not more, remote from the biosphere than these canmon 
ores. 



SPENT -I FUEL 

FUEL REPROCESSING fy 

FIGURE 3.4.1 Toxic i ty  of Spent Fuel and Reprocessing Waste from Uranium-Plutonium 
Recycle Relative to  0.2% Uranium Ore Necessary to Produce 1 HT o f  
Reactor Fuel 

Hazard indices generally neglect major confinement features such as the waste concen- 
t r a t i on  ( H i l l  1977, Lash 1976), release mechanisms and dynamics (de Marsi ly 1977), and 
aspects of the food chain pathways. The hazard indices f o r  the most par t  do mt character- 
i ze  the populatfcn exposures associated with conceivable natural  and man-induced d isrupt ive 
events--the key aspects of a r i s k  assessment. 

3.4.2 Consequence Analysis and Risk Assessment 

Consequence analysis i s  the estfmation of the effects of postulated accidental releases 
of radionuclides. Risk assessment i s  the calculat ion d the consequences o f  the spectra o f  
possible accidental releases mu l t ip l ied  by t he i r  p robab i l i t i es  and s k e d  to  g ive a t o t a l  
r isk .  I n  t h i s  sense, the E I S  does mt present a complete r f sk  assessment. The 'technfpua 

for such an assessment i s  s t i l l  under development. 



Since long-term repository containment cannot be demonstrated by short-term test,  
mathematical models must be relied on to  predict the long-term behavior of the repository. 
Risk assessment is t h u s  dependent on the development of reasonable predictions of the long- 
term behavior of the processes and phenomena that could occur w i t h i n  the repository system. 
The risk assessment under development for geologic isolation is taking the form described 
i n  the following methods. 

3.4.2.1 Disruptive Evehts 

Many geologic events and processes occur because of the long-term motion of the earth's 
plates w i t h  their associated stresses and strains, and by the action of long-term ueather 
patterns associated w i t h  a variety of astrophysical and earth phenomena. Many of these phe- 
nomena are predictable (usually w i t h  an element of randomness); others can only be assigned 
an estimated site-dependent probability of occurrence. More specifically the key interest 
i n  predictive modeling is uhether a s i t e  (selected by virtue of historical stability) will 
change to  an unstable area (e.g., active faulting, volcanism, significant ground- and/or 
surf ace-uater activity, etc. ). 

Potential disruptive phenomena that could affect a repository have been categor ized as 
natural processes, natural events, man-caused events and repository-caused processes and 
are listed i n  Table 3.4.2. 

The science of geology has tended to concentrate on predicting the location of ores and 
fossil fuels and to explain the structure.of the earth. Nuclear waste isolation appears to 
be the f i r s t  subject of large tnterest In long-term predfctive geology. Many geologists 
have recently been engaged i n  the development of suitable predictive geologic models and/or 
scenarios. This research is  concentrating on specffic s i tes  as well as global processes. 

To be complete, risk assessment must include a l l  significant sources of risk and mus t  
predict the condition of the repository and surrounding area following failure, the time of 

. failure occurrence and its probability of occurrence. This evaluation is  called 'Scenario 
Analysism (Burkholder 1978, Greenborg e t  al. 1978). In general, these evaluations employ 
models that are very complex and require the capabilities of electronic data processing. 
Confidence i n  the models can be increased by comparing the results of the models t o  natural 
systems which exist and adjusting the models u n t i  1 a reasonable degree of conformance is  
reached. T h i s  concept of calibration and verification has been employed i n  the hydrology 
~ 0 d e l s  discussed below. 

3.4.2.2 Lithosphere/Atmosphere Transport 

This  risk assessment process includes both 1 i thospheric (by ground water) and atmos- 
pheric (by airborne and other surf ace processes) radionuclide transport analysis. The 
p~sicochemi cal processes govern ing ground-water movement and transport of pol lutants are - 
sufficiently understood that mathematical models can be formulated. However, these models 
require measured physicochmical parameters representing the specific s i te  i n  order to  simu- 
late  the system. These data are seldom adequate i n  terms of quanti t y  and quality. However, 



TABLE 3.4.2. Potential Disruptive Phenomena for Waste Isolation Repositories 

Natural Processes 
e Climatic Fluctuations 

e Sea Level Fluctuations 

e Glaciation 

e River ~ r o s i o n  

Sedimentation 

Tectonic Forces 

Volcanic Extrusion 

Igneous Intrusion 

Natural Events Man-Caused Events Reposi tory-Caused Processes 
e Flood Erosion Improper Desi gnloperat ion : Thermal, Chemical Potential, 

Radiation, and Mechanical Force 
Seismlcally Induced e Shaft Seal Failure Gradients: 
Shaft Seal Failure 

* Improper Waste h p l a c w n t  Induced Local Fracturing 
Meteor i te  

Undetected Past Intrusion: e Chemical or Physical Changes 
i n  Local Geology 

e Undiscovered Boreholes or Mine Shafts 
e Induced Ground-water hvement 

Inadvertent Future Intrusion: 
0 Waste Container Movement 

Archeological Exhunation 
Increase i n  Internal Pressure 

Weapons Testing 
e Shaft Seal Failure 

e Nonnuclear Waste Disposal 

e Diagenesis 

e New or Undetected 
Fault Rupture 

Hydraulic Fracturing 

e Dissolution 

e Resource Minin mineral, hydrocarbon, 
geothermal, saqt! 

e Storage of Hydrocarbons or Campressed 
A i r  

Intentional Intrusion: 

e War 
.e Aquifer Flux Variation 

e Sabotage 

e Waste Recovery 

Perturbation o f  Ground-water System 

e I r r i ga t i on  

e Reservoirs 

e Intentional A r t i f i c i a l  Recharge 

e Establishment of  Population Center 



those data that  can reasonably be obtained can be combined with a model t o  gain valuable 
insight. Some ground-water and transport models have been calibrated (6upta and Pinder 
1978, Kipp e t  al. 1976, Cole 1979) through adjustments o f  parameters t o  simulate measured 
behavior and thus can be used with some confidence i n  forecasting. These models have also 
been ver i f ied  (Kipp e t  at. 1976, Ahlstrom 1977, Robertson 1977) by showing that they duplf- 
cate past trends i n  water table changes and contaminant transport i n  f i e l d  situations. 

Simi lar ly airborne transport o f  ejected or reentrained radionuclide aerosols, subse- 
quent uptake by biota, food chain pathrrqys and exposure to and ingestion by man can be 
evaluated fo r  specif ic sf tes. 
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3.5 NONTECHNICAL ISSUES 

Many of the issues concerning the management and disposal of radioactive waste do not 
confine themselves to  s t r i c t l y  technical aspects o f  the problem. 'Nontechnical issuesM 

refers to broad social, po l i t ica l ,  and ins t i tu t iona l  concerns. This discussion is, i n  large 

part, based upon a Conference on Public Policy Issues i n  Nuclear Uaste Management and on a 
recent report (Hebert e t  al. 1978). 

The f i r s t  part of  th is  discussion organizes the nuclear waste issues in to a smaller 
subset of issues and describes various positions on the issues. Further, the response t o  
the issues raised by government agencies i s  discussed. The second part of th is  discussion 
examines i n  deta i l  two areas of concern: short-term ins t i tu t iona l  arrangements and i n s t i -  

tut ional arrangements fo r  the long term. 

3.5.1 Social Issues 

A major issue concerning some people i s  the balancing o f  r isks and 
th is  generation and future generations. One posit ion on the issue is: 
mation of the long-lived radioactive wastes i n t o  more short-lived forms 

benefits between 
at present transfor: 
i s  not feasible. 

As a result, future generatiom w i l l  have a burden of surveillance and monitoring, o f  r i s k  
t o  health and safety, and o f  corrective action should a containment breach occur, ei ther 
f ran  hman or natural causes. Those holding t h i s  view state since th i s  burden i s  d i f f i c u l t  

t o  specify and since the nation can afford to  forego nuclear power benefits, production o f  
more wastes would be morally irresponsible. An opposite posit ion stresses tha t  the r i s k  
exported t o  future generations i s  not unique to  radioactive waste, i s  lower than commonly 

accepted risks, i s  a threat t o  re1 at ive ly  few people, and i s  low because of manmade and geo- 
log ic  barriers. Such low r i s k  does not constitute an unfa i r  burden given the benefits o f  
nuclear power. A t h i rd  posit ion on t h i s  issue takes a more global view. Those with t h i s  
view state that the issue o f  waste should be considered i n  the context o f  the benefits and 
costs and 'risks of a l l  energy sources, not jus t  nuclear power. For example, the problem o f  
nuclear wastes should be viewed i n  the context of the benefit o f  preserving foss i l  fuels fo r  
future generations. ' 

T h e i s s u e o f d i s t r i b u t i o n o f r i s k b e t w e e n g e n e r a t i o n s i s b e i n g e x a m i n e d b y t h e D e p a r t -  
ment o f  Energy and also by EPA and NRC. Early d r a f t  c r i t e r i a  by EPA have been e x p l i c i t l y  
concerned with th i s  problem and reviewed i n  a public workshop held i n  Denver on March 30, 
1980 (43 FR 2223). I n  h i s  February 12, 1980 message on waste management, the President 
stated that his paramourit objective i s  t o  "protect the health and safety of a l l  Americans, 
both now and i n  the future." The Department o f  ' ~ n e r ~ ~  - i n  i t s  Statement o f  Posit ion on the 

Waste Confidence Rulemaking Hearings (DOE-NE-0007) takes recognition o f  th is  issue i n i t s  
stated performance objectfves, especially Objective 2, which speciftes isolht ion f o r  
10,000 years with no prediction of s ign i f  i cant decrease i n  isolat ion thereafter, and Objec- 

t i ve  5, which stresses conservatism i n  technical approach to provide Assurance that regul a- 

to ry  standards can be met. 



A second issue involves the need for candor. Concern has been expressed that informa- 
tion provided by the government and the nuclear industry concerning such events as the leaks 
at  the Hanford, Washington, s i te  has not been tiinely or relevant, However, since the mid- 
1950s there has been a large number of technical articles on nuclear poner. Some take t h i s  
as evidence of candor, while others see the flood of articles as an attempt to confuse the 
tqyman and increase reliance on the technical expert. 

The President, i n  h i s  February 12, 1980 message, noted that past governmental efforts 
to manage radioactive wastes have neither been technically adequate, nor have they suffi- 
ciently involved states, local governments' and the public In policy and program decisions. 
The message established a program w i t h  mechanisms for f u l l  participation of there groups and 
continuous public review. The Department of Energy i s  fully comnitted to  this program. 

A t h i r d  issue, public involvement, was a major topic at  the Conference on Public Policy 
Issues (NSF 1976). Panelists at t h i s  conference generally agreed w i t h  the pasition that any 
person, group, or institution wanting to be involved i n  nuclear waste policy decisions has 
that right. Conference participants also pointed out that public participation does not 
guarantee sensible decisions nor  an enhanced understanding of the issue. Mhile general 
agreement was that final decisions should rest w i t h  the Federal government, some urged very 
strong public input on nuclear waste decisions via such mechanisms as state initiatives. 

As stated above, the President's message has mandated full  public participation i n  
waste management poll cy decisions. Prior to this  message, the Department of Energy held 
five public meetings i n  various regions of the country to  seek public c m e n t  on the draft 
of t h i s  Statement i n  addition tb the usual written comnents. As a result of this inpu t ,  
this Final Statement has undergone extensive revision. Volume 3 of this Statement documents 
the extent of this revision. Further, the Interagency Review Group (IR6) received extensive 
public comnent on their report dealing w i t h  nuclear waste management policy. 

A fourth issue is that of uncertainty. Uncertainty pervades the technical and non- 
technical discussion about nuclear waste, The major uncertainties relating to nuclear waste 
involve: 1 )  effects k small' doses of radiation received at low dose rates over a long 
time, 2) uncertainty about the ability to isolate nuclear wastes from the biosphere, and 
3) uncertainty about human' fa l l ib i  l i ty  and malevolence. Some react to the uncertainty w i t h  
caution and m q y  urge a go-slow approach to  waste isolation, while others feel that the 
uncertainties are sufficiently low to proceed w i t h  a waste isolation and disposal program. 

1 

In its Statement of Position for the 'Waste Confi dencen Ru lemaking (00E-ME-0007) the 
Department of Energy proposes a technically conservat lve Approach to compensate for the 

' 

. .. 
perceived uncertainties i n  the abil i ty to predict natural phenomena over long periods of 
time. The approach ,vi 11 u t  l lize conservative design parameters, large margins for error, 
and multiple engineered and natural barriers in a step-by-step approach to implementation 
which will permit the capability of corrective action, should processes not operate as 

.- 
expected. . , 

A f i f th  issue is  that of equity. Sqme feel that those who live near a waste repository 
m q y  be said to bear a greater risk i n  proportion to their benefit t h a n  do those remote from 



the repository. Some feel that those near the repository may not even 'benefit from the 
nuclear power which produced the waste. Another position stresses that people indirectly 
benefit from nuclear power because they buy products made with electricity fran nuclear 
power and, therefore, such equ'ity Issues are less valid. 

The Department of Energy is considering the feasibility of regional reljositories, 
( i  .e., repositories which serve the needs of the surrounding region) partly i n  response to 
concerns about equity (see discussion i n  Section 5.3). Under various scenarios there will 
be a need for more than one repository for a nuclear economy of 250 We by year 2000 (e,g., 
Case 3 in Section 3.2). 

Concern about safeguards is a sixth issw. This concern hinges largely, though not 
exclusively, on the fact t h a t  plutonium, produced i n  the process of nuclear power produc- 
tion, Is used i n  nuclear weaponry. Commercial fuel cycles which separate plutonium or other 
material with potential use i n  weapons raise the concern that they might be used for clan- 
destine weapons development. Accounting for such material has been seen by some as inade- 
quate. Some also worry that security against nuclear threats can only be achieved by 
intolerable infringements on personal freedom, while others feel that t h i s  is not the case. 
There is also a large difference i n  the perception of how difficult it fs to build a bomb, 
ranging from the belief that one only needs access to  a public library to a belief that i t  

is a highly risky and technically challenging task requiring a sophirticat~d manufacturing 
capabil ity. 

The Department of Energy has an active research program for developing and improving 
safeguard and phykal  security methods that deal w i t h  transportation, storage and handling 
of radioactive materials. The NRC has promulgated and enforced safeguards and physical pro- 
tection regulations for special nuclear materials such as plutonium (10 CFR 73). 

I ,  

Alternatives to nuclear ,power form a seventh issw area; that is, how one perceives 
conservation and other energy production alternatives affects perceptions of nuclear waste. 
The be1 ief that cheaper, safer, less-polluting alternatives to nuclear power are avail able 
muld incline the holder of that belief to oppose the production of nuclear wastes. Some,' 
however, feel that nuclear p e r  is superior t o  currently available technologies and there- 
fore are willing to accept the radioactive waste problem. Even if no further nuclear weap- 
ons production or power generation occurred, an inventory of wastes from past activities 
would need to be stored or disposed. 

In i ts  Statement of Position at the "Waste Confidence* Rulemaking, the Department of 
Energy' proposed i n  Objective 7 t h a t  disposal concepts selected for implementation should be 
independent of the size of the nuclear industry (WE/NE-WO~). This is i n  accord w i t h  the 
President's statement of February 12, 1980, which requires that waste disposal efforts pro- 
ceed regardless of future developments i n  the nuclear industry. this EIS examines 5 cases 
of nuclear development ranging from termination of nuclear power i n  1980 - to full development 
to properly assess nuclear waste management systems (see Chapter 7). 



An eighth issue area i s  the transportation of nuclear waste material. Concerns' about 
accidents, sabotage, and thefts o f  material i n  t rans i t  are at the core o f  these concerns and 

so re1 ate t o  the issues previously mentioned. 

The US. Department of Transportation (DOT) i s  currently i n  a rulemaking process con- 
cerning transportation of high-level nuclear wastes (45 FR 7140). Fur'ther, current regul a- 
t ions of both DOT and NRC are considered to  adequately protect public health and safety 
(49 CFR, Parts 173 and 177). 

The i r r e v e r s i b i l i t y  o f  geologic waste disposal i s  the core of a ninth issue. The argu- 
ment has been made that becake o f  its apparent i r r e v e r s i b i l i t y  we should delay implementing 
geologic iso lat ion u n t i l  we are more certain that the wastes w i l l  not be used now or i n  the 

future. Other arguments f o r  delay include keeping the wastes retrievable f o r  20 t o  30 years 
i n  case something goes wrong i n  the repository or i n  case a better method i s  devised i n  t h i s  
period. However, the argument has also been made that disposal methods that  are technically 
impossible t o  reverse o f fe r  the best solution to  iso lat ing the wastes from man. 

I n  i t s  Statement o f  Posit ion (DOE-NE-0007) of Apr i l  1980, the Department outl ined i t s  
*step-wisen approach. This conservative approach would store a 1 imited quantity o f  matcri a1 
under well understood conditions and then proceed i n  a series 'of small steps so that the 

material could be retrieved should unanticipated problems make the system unacceptable. NRC 
has also reflected th i s  approach i n  a recently issued draf t  of  possible technical regula- 
t ions which would require the capabi l i ty of re t r i evab i l i t y  for 50 years after emplacement 
operations have ceased. The abdl i ty  t o  r e t r i  eve the wastes during the i n i t i a l  periods o f  
operation i s  seen as one o f  the main advantages of mined geologic repositories. 

The tenth issue area involves the d is t inct ion drawn between comnercial and m i l i t a r y  
wastes. Some have argued that no d is t inct ion should be made on the constraints of the man- 
agement o f  the two wastes, while others have argued that they should be kept d i s t i nc t  
because of the very d i f ferent  physical nature o f  the wastes. 

The Presidential message o f  February 12, 1980 speci f ica l ly  directs that the radioactive 
waste management program seek t o  isolate and dispose of wastes from both c i v i l i a n  and m i l i -  
ta ry  act iv i t ies. 

International responsibi l i t ies form an eleventh area o f  concern. The waste issue i s  
larger than U.S. boundaries because o f  technology export and import of wastes and because 
o f  possible international solutions to  the waste problem. Wor lh i  de releases o f  radio- 
activity-may cause health and genetic problems which respect no national boundaries. Fur- 
ther, concern has bey expressed that i n  i es ie r  developed countries, cost concerns could 

lead t o  an inadequate waste management plan. Since much of the nuclear waste i s  now pro- 
duced i n  foreign reactors, some of which are U.S., exports, the argument has been made tha t  
the U.S. must show leadership i n  solving the nuclear waste problem. An international waste - 
management authority has been proposed t o  handle these problems. 

The Department o f  Energy i s  mindful of international responsibi l i t ies f o r  nuclear waste 
and i s  part ic ipat ing f n a number of b i la te ra l  and mul t i la tera l  programs to  deal with nuclear 

waste. Examples are a cooperative investigation with Sweden at a mine i n  Stripa, Sweden, a 



cooperative agreement with the Federal Republic o f  Germany for exchange of technical infor- 
mation on waste disposal, and active participation i n  the International Atomic Energy 
Agency ( IAEA) . 

A twelf th issue area i s  that of cost of waste management. Participants i n  the Confer- 
ence on Public Policy Issues on Nuclear Waste Management showed general agreement that #e 

must be w i l l  i ng to pay for  an adequate disposal system. Some fear that adequate charges 
w i l l  not be assessed to provi.de perpetual care. Current regulations require a fee to  be 
paid to the government at the time of transfer of the waste to federal custody, although the 
size o f  t h i s  fee has not been determined. 

The President's message of February 12, 1980 specified tha t  " a l l  cost o f  storage, 
including cost o f  locating, constructing and operating permanent geologic repositories w i  11 
be recovered through fees paid by u t i l i t i e s  and other users of the services and w i l l  u l t i -  
mately be borne by those who benefit from the ac t iv i t ies  generating the wastes." 

A f i n a l  issue area, discussed more f u l l y  below, concerns inst i tu t ions fo r  control l ing 

and managing nuclear waste. These concerns re late both to  the short term, i.e., the perf od 
of  time up t o  the closure of a waste repository, and to  the long term, i.e., the period f o l -  
lowing closure for the hundreds of years during wbich the potent ial  hazards o f  the waste 
remain. Some individuals contend that past mishaps and leaks involving m i l i t a ry  wastes are 

a basis for regarding the current inst i tut ions1 arrangements as inadequate. Others judge 
tha t  current Inst i tu t ions have done an adequate job or that new arrangements w i l l  lead to 

better waste handling. Further the a b i l i t y  sf inst i tu t ions to monitor disposed waste i n  the 
long term i s  a key part  o f  the issue area. Some feel that technical considerations w i l l  
make such long-term monitoring unnecessary, while others feel  that the waste has t o  be moni- 
tored for as long as 200,000 years and would be a formidable task. A more intermediate 
view i s  that mod tor ing might be required 'for several hundred years. 

I n  the Department o f  Energy's Statement of Position for the NC "Waste Confidencen 

Rulemaking (DOEINE-0007). a proposed objective of the program w& t o  provide reasonable 
assurance that wastes w i l l  be isolated from the environment f o r  at least 10,000 years with 
no prediction o f  signif icant decrease i n  is01 ation beyond that time. Further governmental 
concern for t h i s  issue i s  shown by the proposed EPA cr i ter ion that  a waste disposal system 
cannot re l y  on human inst i tu t ions for s period of more than 100 years (42 FR 53262). 

3.5.2 Inst i tu t ional  Issues 

The following two sections b r i e f l y  expand on short-term and long-term ins t i tu t iona l  
concerns. These two sections discuss ins t i tu t iona l  concerns without reference t o  scale o f  
the waste management system. Some have argued that i n s t l t u t i  onal issues may potent ia l ly  

become much more severe with increasing scale (LaPorte 1978). 

- 
3.5.2.1 Short-Tern Concerns and Inst i tu t ional  Design 

Technical solutions to waste management problems are not self-implementing. They 

requi tv- inst i tut ions, either those existing or ones yet t o  be created, to make them work. 



Setting up a waste management program therefore requires insti tutional choices: whether t o  
rely on existing organizational arrangements or t o  develop new ones. This section discusses 
some considerations regarding choice of one or another se t  of organizational arrangements 
for waste management. Additionally, the insti tutions discussed below should function in  
conjunction with the engineered design as part of the overall waste management system. 

The Department of Energy (DOE) is currently responsible for  establishing programs lead- 
ing toward the treatment, storage, and disposal of nuclear wastes. The Environmental Pro- 
tection Agency is responsible fo r  sett ing generally applicable environmental standards for  
radioactive waste (3 CFR). The Nuclear Regulatory Comnission is responsible f o r  imp1 ement- 
ing these standards, establishing regulations and policies, and licensing comnercial waste 
management f aci 1 i t i e s  (10 CFR 20 301, 42 U.S.C. 5842). State governments (in agreement 
s ta tes)  license and regulate low-level burial s i t e s  (42 U.S.C. 2021). The Department of 
Transportation (DOT) shares responsibi 1 i t y  for regulation of the transportation of wastes 
w i t h  NRC (38 F.R. 8466, March 22, 1973). 

A number of organizational options are available for the management and disposal of 
nuclear waste. Below are l is ted four such options: 1)  Federal agency; 2) government cor- 
poration; 3) government-owned, contractor-operated f aci 1 i ty; and 4) contractor-owned, 
contractor-operated fac i l i ty ,  In a Federal agency, waste management functions would be 
performed directly by Federal agency employees who are ordinarily members of the Federal 
c iv i l  service. A government corporation is a Federally chartered organization with its own 
legal personality dis t inct  from that  of the federal government. I t  i s  exempt from civ i l  
service rules, thus a l lwing  the managers of the corporation t o  retain control over a l l  
aspects of personnel management. A government-owned, contractor-operated arrangement is 
similar to  the government corporation, especially in the private contractor's f l ex ib i l i t y  
w i t h  respect to  personnel practices and financial systems. A contractor-owned, contractor- 
operated arrangement differs  chiefly in that the contractor's financial comnitment is much 
heavier than under a government-owned, contractor-operated arrangement. 

In addition to  consideration o f  organizati onal options, a knowledge of the basic 
regulatory functions is useful in assessing the adequacy of insti tutional arrangements for  
managing and disposal of nuclear waste. The function of regulating the c m e r c i a l  nuclear 
waste management system includes the tasks of standard-setting, licensing, technical 
review, inspection, and enforcement. Below is a brief discussion of each task. 

Standard-setting and licensing are often done by the same organization. Sometimes, 
however, one agency (such as EPA) has the task of sett ing general rules fo r  how tasks must 
be done (performance standards), while another agency (such as NRC) has the task of applying 
those general standards to a specific case, and of granting a license to operate when proper 
conditions have been met. 

A technical review of a proposed action for its scient i f ic  adequacy - may increase the 
safety of the waste management system by helping t o  avoid errors a t ,  key decision points. 
Reviewer independence is a valuable attribute; i t  reduces the opportunities for  bias and, 
hence, the chances that a review will become automatic approval, 



Inspection, the regular checking of the actual waste management operation t o  ensure 
that  it i s  being performed i n  the proper manner, i s  one of the most c r i t i c a l  functions i n  

the ent ire waste management system. If other parts of the system break d m ,  a good inspec- 
t i on  system w i l l  detect them. If the inspection system i t s e l f  fa i ls ,  no one w i l l  know 
whether or not the waste management system i s  reliable. 

The character o f  the enforcement function depends on whether pr ivate or public organi- 
zations are the target. I n  the case of pr ivate organizations, credible penalties, such as 
f ines and license revocation, are available. But these sanctions cannot be expected t o  have 
the same ef fect  on public organizations, uhich are less ' influenced by economic incentives. 

3.5.2.2 Inst i tut ions i n  Long-Term Nuclear Waste Management 

A number of concerns have been raised regarding the ro le  that human ins t i tu t ions  m a y  
have i n  the long-term management of nuclear wastes. Controversy exists concerning: 1) the 
need f o r  any human inst i tu t ions to  be involved i n  long-term management, and 2) whether human 
inst i tu t ions could actually carry out any functions that might be required o f  them over the 
long term. 

These discussions are speculative. Histor ical  examples of the behavior and durabi l i ty  
o f  human inst i tu t ions are the only data that can be applied t o  the speculations about the 
potential future s t a b i l i t y  and performance of inst i tut ions. However, t o  predict what the 
world w i l l  be l i k e  50 t o  100 years from now, l e t  alone i n  reveral centuries, i s  very 
d i f f i cu l t .  

Human inst i tu t ions might enhance safety by accurately predic t ing the occurrence of the 
natural events uhich could compromise the repository (e.g., earthquakes, floods), and i n  
responding to  them to  reduce consequences. Control over these massive events i s  not l ike ly .  

Human actions that might produce a release of radioactive material from a repository 
have been grouped into three categories: 1) major catastrophic events, such as nuclear war, 
2) direct action against the repository, such as sabotage, d r i l l i n g  and exploration, and 
excavation, and 3) lapses i n  monitoring, such as being unaware of a breach i n  the 
containment. 

Three sets o f  factors appear pertinent i n  assessing the ins t i tu t iona l  ro le  i n  long- 
term waste management: 1) the functions that can or should be performed by the i ns t i t u -  
tions, 2) the subjective need f o r  these functions, and 3) the l ikel ihood that the functions 
w i l l  be performed at any given point i n  time. 

Three general categories of functions might increase the safety of a waste repository 

and mitigate the consequences of potential accidents: 

Control and management--incl uding monitoring o f  security and physical integrity, 
performance of routine physical plant maintenance, and maintenance o f  a s ta f f  o f  
people qual i f ied to  carry out technical tasks a t  the disposal s i t g  



Monitoring--including observation o f  seismic, thermal, and radiological conditions 
to detect any releases or signif icant changes i n  s i t e  integri ty.  

Information transfer--including maintenance o f  records and data about the reposi- 
tory and i t s  contents. Such information would be needed t o  effect repair o f  a 
site, to warn future generations about the dangers o f  the wastes, to  inform 
people about the resource value of the contents, and to prevent an intrusion in to 
the repository a t  some  ti^ i n  the distant future. 

It has been suggested that human inst i tu t ions could provide an increment o f  safety i f  
monitoring, surveillance, and security operations are carried out during the f i r s t  few cen- 
tur ies a f te r  a repository i s  closed. Human act iv i tes would provide a backup to the engi- 
neered system. This backup system would have the function of predicting the occurrence o f  
natural hazards, preventing human intrusions, and responding to  any anomalies that  occurred 
a t  repository sites. These l as t  two  functions were seen by some t o  be especially s ign i f i -  
cant i n  the mitigation of repository accidents. 

Predictions are very d i f f i c u l t  b make with certainty about whether future societies 
would f ind the task worthwhile t o  support ins t i tu t ions  to carry out the functions noted 
above. It has been argued that it i s  up to  future generations to decide f o r  themselves 
whether t o  carry out these functions. Predictions are also impossible to  make on whether 
information can be conveyed across millenia, or whether organizations can be established 
that could las t  f o r  such time periods. The focus o f  assessment has been to analyze any evi- 
dence t o  suggest that i f  organizational and ins t i tu t iona l  continuity &re necessary, could 
inst i tu t ions be established i n  the present that might survive long enough t o  carry out t he i r  
tasks? 

The analysis of these issues is, o f  necessity, purely speculative, and based on histor- 
i ca l  examples that  provide no f i r m  basis for making predictions. However, some examples 
suggest that complex information i n  abstract form can be maintained over thousands o f  
years.(a). The sacred books o f  major rel igions and the hieroglyphics o f  ancient Egypt are 
examples. Furthermore, many functional organizations, such as the U.S. Government, have 

survived fo r  a century or more while carrying out roughly the same tasks. A few, such as 
the B r i t i sh  p o l i t i c a l  system, have survived for nearly a m i  llenium. O f  course, how much 
information has been los t  i n  h is tor ica l  times i s  not known. 

The pr incipal conclusions of t h i s  analysis are: 

There are no 'reasons i n  pr inciple t o  indicate tha t  human ins t i tu t iona l  functions 
cannot survive f o r  hundreds o f  years, given reasonably stable p o l i t i c a l  systems. 

' 

However, no strong evidence exists that such functions w i l l ,  i n  fact, survive. 

Technical information can be maintained for  a very long time i f  a culture remains 
l i t e ra te  and the information has a continuing u t i l i t a r i a n  value. 

Waste management systems adopted i n  the present time period s h ~ u l d  place minimal, 
i f  any, reliance on any human management a f te r  the repository i s  closed. 

(a) Additionally, no pr io r  known.civilization has had both the mass education and com- 
munication systems that presently exist. 
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PREDISPOSAL SYSTEMS 

Af te r  radioactive wastes 

operations are required. The 

are generated and before t he i r  disposal, several predisposal 

combination o f  these operations i s  referred t o  i n  t h i s  State- 
ment as the predisposal system. The system operations include treatment and packaging to 

prepare the waste f o r  the specific requirements of a disposal option, inter im storage i f the 
treated waste cannot be shipped imnediately t o  a disposal site, and shipment t o  in ter im sto- 
rage and/or to  a disposal s i te.  Decommissioning of the waste management f a c i l i t i e s ,  
although not  a predisposal operation, i s  discussed i n  t h i s  chapter because it produces 
wastes which must be managed i n  a manner s imi lar  t o  those wastes produced by f u e l  reproces- 

' 

sing and MOX f ue l  fabr icat ion plants. 

This chapter provides examples o f  processes and f a c i l i t i e s  t ha t  could be used t o  carry 

out these predisposal operations f o r  both the once-through cyc le  and the reprocessing cycle. 
The processes and f a c i l i t i e s  described here are not dependent t o  a s ign i f i can t  degree on the 
size o f  the nuclear system served. For each required step, one or more concepts have been 
examined i n  detai 1 t o  characterize the environmental impacts of construction, operation and 
decommissioning, the impacts of potent ia l  accidents, the do l la r  cost of construction and 
operation, and the safeguard requirements. Sumnary resu l ts  o f  these evaluations are pre- 
sented here. Detailed resu l ts  are available i n  DOE/ET-0028 and WE/ET-0029. 

A l l  o f  the concepts evaluated here are considered' t o  represent avai l sb l e  technology; 

t ha t  is, enough information i s  available t o  i n i t i a t e  design and construction o f  fu l l -sca le  
f a c i l i t i e s ,  although varying degrees of design ver i f icat ion tes t ing  may be required. B r i e f  
descriptions are also provided o f  a number o f  al ternat ive high-level waste treatment con- 
cepts tha t  do not represent available technology but have a t t rac t i ve  a t t r ibu tes  t ha t  make 
them potent ia l  alternatives. 

4.1 RELATIONSHIP OF PREDISPOSAL OPERATIONS TO DISPOSAL AND PROGRAM ALTERNATIVES 

The relationships o f  the predisposal operations t o  the unique system requirement$ for 
each disposal alternative, for both the once-through and the fuel reprocessing cycles, are 

described i n  t h i s  section. The indiv idual  components o f  the predisposal systems are then 
described and analyzed i n  subsequent sections. 

4.1.1 Predisposal System f o r  the Once-Throuqh Cycle 

A s impl i f ied diagram o f  the predisposal waste management system f o r  spent f ue l  i n  the 
once-through f ue l  cycle i s  shown i n  Figure 4.1.1. For the example predisposal system 
assumed here, the spent f ue l  i s  stored a t  the reactor storage basins.for a minimum o f  
5 years. The fue l  may be stored there for a longer period i f  a disposal f a c i l i t y  i s  not 
available and i f  capacity i s  available a t  the reactor. The fuel i s  then shipped t o  a 
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FIGURE 4.1.1 Predisposal Waste Management System f o r  Spent Fuel 
i n  the  Once-Through Fuel Cycle 

treatment and packaging f a c i l i t y  i f  a disposal f a c i l i t y  i s  available. If a disposal 

f a c i l i t y  i s  not available, the f ue l  i s  assumed t o  be shipped t o  an away-from-reactor (AFR) 
storage fac i l i ty . (a)  Uhen a disposal f a c i l i t y  i s  available, the  f ue l  i s  shipped there f o r  

treatment and packaging p r i o r  t o  disposal. A1 ternat ive approaches include having packaging 

f a c i  li t i e s  located separately from disposal f a c i l i t i e s  w i th  extended storage o f  packaged 

f ue l  before disposal. . - ,  

The types o f  operations and f a c i l i t i e s  considered i n  t h i s  Statement f o r  each o f  the 

disposal a1 ternati**ss are i den t i f i ed  i n  Table 4.1.1. This tab le  shows tha t  the i n i t i a l  

storage and shipment operations are ident ica l  f o r  a l l  o f  the disposal alternatives. The 

differences i n  the predisposal systems are i n  the treatment and packaging and f i n a l  shipment 

t o  disposal. Four o f  the e ight  al ternat ives t o  mined geologfc disposal can u t i l i z e  t he  same 

treatment and packaging opt ions as mined geologic disposal ; however, three o f  these require 

ocean ship transport t o  the f i n a l  disposal site. Four o f  the al ternat ives can only be u t i -  

l i zed  i n  the once-through cy .lt i f  the ?pent fue l  i s  f i r s t  dissolved as i n  a reprocessing 

cycle. Two o f  these al ternat ives require disposal as l i q u i d  b5t:h-level waste. I n  these two 

cases, no shipment t o  disposal i s  required because Lne treatment f a c i l i t y  and the disposal 
f a c i l i t y  are located on a c m o n  si te.  The transmutation a l ternat ive requires, i n  addi t ion 

to  dissolut ion o f  the fuel ,  complex chemical par t i t ion ing,  target  fabrication, and i r r a d i  a- 
t ion. Space disposal requires, i n  addit ion t o  d isso lu t ion o f  the spent fuel, a process t o  

convert the l i qu i d  waste i n t o  an encapsulated so l i d  material.  A11 o f  the al ternat ives tha t  

u t i l i z e  a dissolut ion process would also generate considerable quant i t ies  o f  miscellaneous 

TRU waste. These would require the same treatment and handling as the comparable wastes 

produced i n  the reprocessing cycle described i n  the next subsection. 

(a) AFR storage f a c i l i t i e s  were referred t o  as independent spent f ue l  storage fac 
( ISFSFs) i n  DOE/ET-0028 and DOE/ET-0029. 

i l i t i e s  



TABLE 4.1.1. Predisposal Operations and Alternatives for Once-Through Cycle Disposal 
Options 

Shipment 
' Inter im t o  Treatment and 

Storage Treatment Packaginq 
Water basin Raf l  and truck Encapsulate ind i -  

vidu a1 assemblies 

Shipment 
Disposal to Inter im 
Option ' Storage 

Mined geologic Ra i l  and Truck 

'to 
Disposal 

None i f  
onsite or 
r a i l  i f  
o f f s i  t e  

A1 ternat ives 
include pack- 
aged fuel 
storage In: 

'A1 ternatives 
include: 

Encapsulate 
' mul t ip le  
assemblies D ; ~  wells 

' Disassemble 
and encapsulate 

i A i r  cooled 
vaults Chop, voloxi- 

d i re  and 
encapsulate 

0 Surface 
casks 0 Dissolve and 

convert t o  
glass(a) 

Very deep . Same as above 
holes 

Same as above Same as above Same as above Same as abwe 

Rock melting Same as above Same as abwe . Same .as above DIssolve and d s- 1 pose as l i q u i d  a&) 
Onsite 

disposal 

Is land Same as above Same as above Same as above Same as mined 
geologic island 
transports 

Rail, ocean 
ship and 
is land 
transporter 

Same as -above Same as above Same as mined 
geologic 

Subseabed Same as above Rai 1 and 
ocean ship 

I ce  sheet Same. as .above Same as above' Same as above Same as mined 
geologic 

Ra i l  ,' ocean 
ship and 
over-ice 
vehicle 

Same as above Saine as abwe Well in ject ion Same as above Dissolve and d s- 1 pose as l i q u i d  
Ons i t e  
disposal 

Transmutation Same as above Same as above Same as above Dissolve, pa r t i -  
tion, .fabricate 
targets, i r rad ia te  

and t a rge tda  rqr7ess 

Truck or  
r a i l  t o  
and from 
i r rad ia t ion  

Same as above Same as above In ject ion i n t o  Same as above 
Space 

Dissolve and con- 
ver t  to "cennetn 

~ ~ ~ ~ ~ 7 e ~ 7 a )  

Rai l  t o  
launch site; 
launch t o  
orbi t ,  see 
Section 6.1.8' 

(a) Spent fue l  treatment involving dissolut ion produces TRU wastes requir ing all-of the TRU waste pre- 
disposal operations show i n  Table 4.1.3. for reprocessing cycle wastes. These TRU wastes then 
probably w i l l  require mined geologic disposal. 

(b) Disposal of spent fuel as an q u e w s  l i q u i d  i n  the rock melting and well in ject ion options nay not 
be feasible because o f  c r i t i c a  i t y  questions. 



4.1.2 Predisposal System for the Reprocessing Cycle 

A simplified diagram of the predisposal waste management system for the reprocessing 
cycle i s  shown i n  Figure 4.1.2.(') In this cycle, wastes requiring disposal are produced 
at the fuel reprocessing plant (FRP) and at the mixed-oxide fuel fabrication plant 
(MOX-RP). These wastes are assumed to be treated and packaged a t  the s i t e  where they are 
produced, either the FRP or MOX-FFP. They are then shipped to interim storage if a disposal 
facil i ty i s  not available; finally, they are shipped to a disposal facility. 

The operations and f a d  l i t ies  required for the predisposal system for management of the 
high-level waste are shown i n  Table 4.1.2. As in the case of spent fuel, four of the alter- 
natives to mined geologic disposal can uti l ize the same treatment and interim storage pro- 
cesses as the mined geologic disposal option. Three of the alternatives, however, require 
ocean transport t o  the final disposal site. In the two cases where high-level waste i s  dis- 
posed of as a liquid, the only predisposal system faci l i t ies  required for high-level waste 
are the interim storage f aci l i t i e s  consisting of double-wal led below-grade tanks. For the 
transmutation alternative, interim storage i s  assumed to be required for the l iqu id  high- 
level waste in double-wall ed below-grade tanks prior t o  the partitioning processing. This 
storage requirement and the target recycle requirements are t h u s  exceptions t o  the sequence 
of operations shown i n  Figure 4.1.2. For space disposal, as i n  the once-through cycle, the 
high-level waste solution i s  converted to  a solid 8cermetH matrix contained i n  special 
spherical capsules. Interim storage would be similar to that of  spent fuel, b u t  because of 
the shape of the container, it would have i t s  own unique design requirement. 

Various TRU waste materials must also be disposed of i n  a l l  of the disposal concepts. 
Although it m q y  be poss ibl~ to dispose of some of these materials after treatment i n  the 
same facil i ty used for disposal of the high-level waste, i t  is assumed here that these mate- 
r i a l s  are always sent to a qined geologic repository regardless of the disposal option 
selected for high-level waste. The operations and f aci 1 i t i e s  considered for the predisposal 
system for these waste materials are shown i n  Table 4.1.3. 

1- TO DISPOSAL 

+ 

FIGURE 4.1.2. 

WASTES FROM 
FRP AND 
MOX FFP 

Predisposal Waste Management System for Fuel Reprocessing Plant and MOX- 
Fuel Fabrication Plant Wastes i n  the fuel Reprocessing Cycle 

btASTE TREATMENT 
SHIPMENT INTERIM 

NO STORAGE SHIPMENT 
PACKAGING . 

(a) For a description of the fuel cycle prior to waste generation a t  the, FRP and the 
MtlX-FFP, see Figure 3.2.2. 

I 



TABLE 4.1.2. Predisposal Operations and Alternatives for Reprocessing-Cycle High-Level 
Liquid Wastes 

Disposal . 
Option 

Mined geologic 

Shipments to 
Interim Interim Shi went 

Waste Treatment storage(a) storage to  Disposal 
Convert to stable solid ~ a i l b )  or )later basins ~ a i l ( b )  or 
such atb! calcine, a truck and/or air- truck 
glass, a synthetic 
mineral, a metal matrix, cmle! casks b fealed 
etc. 

Very deep holes Same as above Same as above Same as above Same as above 

Rock melting Not required . Not required Double-wal led Onsi t e  
tanks disposal 

Island Same as mined geologic Same as mined Same as mined Rail and 
geologic . geologic ocean ship 

Subseabed Same as mined geologic Same as mined Same as mined Rafl and 
geologic geologic ocean s h i p  

Ice sheet Same as mined geologic Same as mined Same as mined Rail and 
geologic geologic ocean s h i p  

Well injection Not required Not required Double walled Onsite 
tanks disposal 

Transmutation Partition, fabricate Not required Double walled Truck or rai l  
targets, irradiate tanks to and from 
and reprocess targets irradiation 

Injection Convert to a ncermeta Same as mined Similar to Rail or truck 
into space matrix i n  capsules geologic mined to launch si te;  

geologic launch to  orblt 
see Section 6.1.8 . , 

(a) A 5-year storage perf od i n  water basin fact l i t i e s  a t  the reprocessing plant is assumed 
before shipment to other interim storage. 

(b) The example method of this Statement. 



TABLE 4.1.3. Example   re disposal Operations and A1 te rna t i ves  Evaluated f o r  
Reprocessing-Cycle TRU Wastes f o r  A1 1 Disposal Concepts 

Non-Hi gh-Level Shipments t o  Shipments 
Waste T e Waste Treatment Interim Storase Inter im Storaqe To Disposal Fuel Package i n  canisters I n  casks by r a i l ( b f  Dry-well I n  casks by r a f 1 ( ~ 1  

witho t compac- or  truck facf l i ty(b)  o r  o r  truck 
ti0n.b) Alter- concrete vaul t  
natives include: 

Mechanical 
compaction of 
hu l ls  

0 Hulls melting 

Failed equipment 
and other non- 
combustible 
waste 

Combustible 
waste 

Failed equipment 
decontaminated and 
disassembled as - 
requi red. Non- 
combustible waste 
packaged without ' 

treatment. Pack- 
aged i n  canisters, 
drums and boxes 

Canisters i n  casks 
by r a i l b )  o r  
truck. High dose- 
ra te  drums i n  casks 
by r a i l  pr 
truck. b Other 
drums and boxes 
i n  shielded over- 
packs or special 
c ~ n t a i n e f g ~ b y  r a i  1 
or truck 

Incinerate and Drums i n  casks 
irnnobi i e ash i n  I f or shielded over 
cement b or  b i tu-  packs or special 
men. A1 ternatives containe s by r a i l  
include packaging or t r uckb )  
without treatment 

Canisters i n  r Same as t o  interim 
well f a c i l  i tytd- storage 
or concrete 
.vmlts. High 
dose-rate drums 
f n  dry-well 
f a c i l i t y  or c n- 
crete vau1ts.b) 
Low dose-rate con- 
ta iners i n  un- 
shielded bui ldings 
or outdoors w t h  
earth cover@ 1 
High dose-rate Same as t o  
drums i n  dry-well in ter im storage 
f a c i l i t y  o r  c n- 
crete vau~ts.!b) 
Low dose-rate con- 
tainers i n  un- 
shielded buf ldings 
or outdoors wi th 
earth coverb)  

Wet wastes and Imnobi i e i n  I r Same as above Same as above Same as above 
part iculates cement b 

or bitumen 

Gaseous and , Use high efficiency Recovered s i ds  
airborne wastes f i l t e r s  and process as above. 8hr 

to remove I, C and not shipped 
Kr. A l t  rnat ives 3 i ~ l u d e  H removal 

' (a) Spent fue l  cladding hu l l s  and hardware tha t  remain a f te r  
(b) The example method of t h i s  Statement. 

8 5 ~ r  stored Recovered s i ds  
on-site i n  spe- as above. I i K r  , 

cia1 f a c i l i t y  not shipped o f f -  
for pressurized s i t e  

B as cy l  lnders. 
ther materi a l s  

as above 

fue l  components have been leached out. 



Although they are not necessarily waste management functions, the. spent fuel handling 
and storage operations that occur before reprocessing are, to be conservative, a1 so included 
i n  the predisposal system i n  the system simulation analyses i n  Chapter 7. This includes the 
operations shown i n  Figure 4.1.1 prior to treatment and packaging. 

Predisposal System Re1 ationships t o  Program Alternatives 

The predisposal systems for the preferred alternative, that is ,  a program leading to 
uti lfzation of mined geological repositories, are listed w i t h  the mined geologic disposal 
option i n  Tables 4.1.1, 4.1.2 and 4.1.3. If the alternative program to  develop several dis-  
posal options i n  parallel were t o  be adapted, some of the other predisposal operations shown 
i n  these tables might be utilized. For the no-action alternative, spent fuel would be . 
stored indefinitely without either reprocessing or final disposal. 

The predisposal waste management operations for the preferred a1 ternatives are given 
schematically i n  more detail for both fuel cycles i n  Figure 4.1.3. These operations are 
discussed i n  more detail i n  Sections 4.3 t o  4.6. 



FIGURE 4.1.3. Example Predisposal Waste Management Operations for  the Wined Geologic Disposal Option 



4.2 UNTREATED WASTE CHARACTERIZATION * 

The quantities and composition of the wastes generated at each step i n  the post-fission 
LUR fuel cycle have k e n  studied i n  detail. . Quantities used i n  t h i  s Statement are based 
upon actual practice f o r  processes that have been demonstrated and upon technical judgnents 
for  processes that  have not yet been cannercially denonstrated. The untreated i n i t i a l  
wastes, termed primary wastes, are identif ied, described, and classi f ied as the f i r s t  step 
i n  defining the enviromental impact of radioactive waste treatment. Additional details are 
presented i n  DOE/ET-O(M& (Section 3.3). 

T k  primary wastes are processed t o  form treated wastes suitable f o r  disposal. It i s  
anticipated that essential ly a l l  c m e r c i a l  wastes (on a Curie basis) or a 1 arge f ract ion 
(on a volune basis) w i l l  recei ve treatment. Treated wastes are o f  two types: 1) gaseous 
wastes that have been treated t o  reduce the i r  a c t i v i t y  levels so they can be released t o  the 
enviroment without harm t o  man, and 2) wastes that have been converted t o  a stable form 
suitable f o r  disposal so that  the i r  radioact iv i ty  .wil l  remain confined and out of contact 
ui t h  man' s envi rorment . 

Secondary wastes are generated i n  the treatment of primary wastes and i n  the subsequent 
handling of treated wastes. Secondary wastes are generated not only f ran  i n i t i  a1 waste pro- 
cessing, but also f ran the storage, transportation, and iso lat ion steps. I n  most cases, the 
mount of secondary wastes i s  small i n  canparison t o  the anount of primary wastes; neverthe- 
less, an assessment of the envi rormental impacts i s  'not canpl ete without including the 
effects of the secondary wastes. Treated secondary wastes are included with the treated 
primary wastes i n  Section 4.3.7. ' 

Decmissioning wastes resul t  f ran the operations enployed t o  decomnission re t i red  

nuclear fuel  cycle fac i l i t i es .  These wastes must also be included i n  a canplete analysis 
of the impacts of nuclear waste treatment; characterization of such wastes i s  presented i n  
Section 4.6. 

Many methods of classifying radioactive wastes are i n  use, based on the kind of radi* 

act1 v i t y  contained, the anount of' radioact iv i ty  contained, the untreated physical f on ,  the 
treated pbysical form, etc. I n  t h i s  Statenent, wastes have been classi f ied i n t o  categories 
based on the i r  treatment requirenent; i .e., a l l  wastes requiring a similar treatment are 
included i n  the sane category.. The categories and a br ie f  generic description of each are 
given i n  Table 4.2.1. The f i r s t  three waste categories are specif ic t o  certain fuel  cycles. 
Spent fuel  as a waste i s '  specif ic only t o  the once-through cycle, and high-level l i q u i d  
waste and fuel residue are specif ic only t o  the reprocessing cycle. The l a s t  four  waste 
categories l i s t e d  i n  Table 4.2.1 are generated i n  almost every f a c i l i t y  i n  which radioactive 

materials are processed, treated, or handled. Thus, both primary and secondary wastes of 

these categories are found throughout the LWR fuel cycles. 

Radioactive wastes are also generally classi f ied according t o  the i r  content of transu- 

ranic (TRU) radionucl ides (i .e., radionucl ides with atanic nunber greater than 92). Because 
of the long half- l ives and high radiotox ic i ty  of sane TRU nuclides, TRU wastes are 



TABLE 4.2.1. ~l assif icatio'n of Primary Wastes fran the Post-fi-ssion LtJR Fuel Cycle 

Waste Category General Description 
Spent fuel Irradiated PM and BWR fuel assemblies containing fission pro- 

ducts and actinides i n  ceranic UO;! pel 1 ets seal ed i n  f ircal oy 
tubes. Intense radloacti vi ty. 

High-level l i q u i d  waste Contains about 0.5% of  the U and Pu i n  the spent fuel and over 
99% of the fission products and other actinides. Intense radi* 
activity. 

Fuel residue 

Gaseous 

I ncl udes short segnents of Zircal oy t ubi ng ( h u l l  s)  renai ni  ng 
after U% i s  dissolved and stainless steel assenbly har&are. 

Predominately two types: 1) 1 arge volunes of ventilation air, 
potenti a1 1 y containing parti cul ate activity, and 2) small er vol- 
unes of vessel vent and process off-gas, potenti ally containing 
vol ati 1 e radi oi sotopes in addition to  parti cul ate activity. 

Canpactable and com Hiscell aneous wastes including paper,' cloth, plastic, rubber ,  
bust4 bl e wastes and f il ters. W ide range of radiation 1 eve1 s dependent on source 

of waste. 

Concentrated liquids, Miscellaneous wastes including evaporator bottans, f i l t e r  
wet wastes, and parti- sludges, resins, etc. Wide range ot radioactivity levels deperr 
culate solids. dent on source of waste. 

Failed equipnent and Miscellaneous metal or glass wastes including massive process 
noncombustible wastes vessels. Wide range of radioactivity levels dependent on source 

of waste. 

comi dered more hazardous than non-TRU wastes. Present regul ations governing disposal of 
TRU wastes are more stringent than those governing disposal of non-TRU wastes. Non-TRU 
wastes are eligible for disposal by surface burial and, except for gaseous and airborne 
wastes, m e  of which contain non-TRU radionucl ides of sped a1 concern (129~, %r and 14c). 
management of these wastes i s  outside the scope of this S'tatenent. However, data on the 
characteristi cs of untreated post-f issi on non-TRU wastes are included i n  DOE AT-0028 (Sec- 
tion 3.3) along with those of the TRU wastes. 

In current practice, a TRU waste i s  considered to  be one that contains more than ' 
10 nanocuries of transwanic alpha activity per gran of waste. However, spent fuel as waste 
and high-level waste that results fran processing spent fuel, w h i a  dontain h i  gi~ 1 evel s of 
transuranic activity, are considered as a separate high-level waste category. Raising the 
dividing 1 ine between TRU and non-TRU wastes f ran 10 nCi/g to  100 nCi/g has been proposed 
by EPA. Because these low concentrations are often difficult t o  measure i n  wastes, we 
assune i n  t h i s  Statement that all wastes fran locations that might cause contanination 
levels above 10 nCi/g of waste are considered to be TRU-suspect and i r e  canbined with k n m  
TRU wastes for treatment. 

In order to  re1 ate waste quantities to electric energy generation wd to  facil i tate 
canparisons between alternative nuclear fuel cycles, the waste vol_unes and activities in 
this section are given per GWe-yr .  One GYe-yr (ov 8.8 x 10' kUh) i s  ebivalent to  the 
annual output of one of the 1 argest nuclear power operating today (a 1250 MWe plant 
operating for one year at 81% capacity produces 1 GWe-yr of electricity). One GWe-yr a1 so 



corresponds t o  the annual electr ical  energy consunpti on of about one m i l  1 ion people i n  the 

U.S. (The to ta l  e lect r ic  u t i l i t y  sales i n  1978 mounted t o  about 230 GWe-yr.) For the 
generic LWR fuel cycle upon which t h i s  Statement i s  based, 38 M of U02 or nixed U02-Pu02 
(H3X) fue l  must pass through the cycle t o  generate 1 GWe-yr. 

4.2.1 Once Through-Cycle Uastes 

The only primary waste i n  the once-through fuel  cycle within the scope d t h i s  State- 
ment i s  the spent fuel  i t se l f .  Two basic types of LkR fuel are i n  use today: pressurized 
water reactor (PWR) fuel  and boi l ing water reactor (BW) fuel. The reference PkR and BWR 
fuel  assenbl ies defined fo r  t h i s  generic Statement are described i n  Figure 4.2.1. Fuel fo r  
specif ic pl an t i  may vary & w h a t  frm these descriptions. 

For the purpose of describing radioact iv i ty  content of the wastes here, an example fuel  
canposi t ion  based on a representative mixture o f  PbJR and B R  fuel  assenblies was developed. 
Haftever, the system sirnulati on results presented i n  Chapter 7 are based on exp l i c i t  PCR and 

NLL CLEMENT ARRAY 
ASSEMBLY TOTAL WfICHT. kg 
URANIUIVIBSKMBLY, kg 
MOZIASSEMBLY. kg 
ZtRCALOYlASSW8LY. kg 
HARD\VAREUSSEMBLY. kg 
TOTAL METALIASSEMBLY. kg . 

FIGURE 4.2.1. Unfrradi ated Reference Fuel Assmbl i es  



BWR fuel models that account for a l l  radionuclides i n  the fuel and take into  account differ- 
ences in fuel exposures for PWR and BUR fuel assemblies and the effects of reduced exposure 
for startup and shutdown' cores. 

The amounts of some selected radionuclides present i n  the example fuel composition are 
listed i n  Table 4.2.2. These radionuclides were selected based on several factors, among 
which are 1) potential for release, 2) potential effect of release, 3) quantity present, and 
4) public interest. These nuclides and their radioactive daughter nuclides provide most of 

TABLE 4.2.2.. Selected Radionuclide Content i n  Example Once-Through Cycle Spent Fuel 

Ci/GWe-yr for Various Decay Periods 
Fission 1.5 yr 5 yr(b) 10 yr 50 y r  100 yr 

Total all Fis- 
sion Products 5.3 x lo7 1.6 x l o 7 '  1.0 x lo7 3.7 x lo6 1.1 x 10 6 .  

~ c t i n i  des(a) 

2 3 8 ~  (4.5 lo9) 
2 3 8 ~ u  (8.9 x lo1) 
2 3 9 ~ u  (2.4 x lo4) 
2 4 0 ~ u  (6.8 x lo3) 
2 4 ? ~ u  (1.3 x lo1) 
2 4 1 ~  (4.6 x lo2) 
242cm (4.5 x 10-9 
244~n  (1.8 x 10') 
Total All Actinides 

Acti vation 

14c (5.7 lo3) 2.8 x 10' 2.8 x 10' 2.8 x 10' 2.8 x lo1 2.8 x 10' 
5 5 ~ e  (2.4) 1.6 x lo5 3.8 x lo4 1.3 x lo4 2.7 x loo1 4.5 x 10'~ 
6 0 ~ o  (5.3) l . 6 x l o 5  l . l x l o 5  4 . 0 ~ 1 0 ~  2.6x103 2 . 8 ~ 1 0 ~ ~  
6 3 ~ i  (9.2 x lo1) 1 . 5 ~ 1 0 ~  1 . 5 ~ 1 0 ~  1.5x104 1 . 3 ~ 1 0 ~  7 . 7 ~ 1 0 ~  

Total All Activa- 
tion Products 3.5x105 2 . l x l o 5  7 . 2 ~ 1 0 ~  l . 6 x l o 4  7 . 7 ~ 1 0 ~  

I a) Numbers i n  parentheses are the half-lives (in years). 
b) A minimum age of 5 yr is assumed here for shipment of spent fuel from the reactors 

i n  the once-through cycle. 



the radioact iv i ty  i n  spent fuel  Hhil e predi sposal operations take p l  ace. Tab1 es i n  Appen- 
dix A of Vol une 2 provide data f o r  these and other radionuclides f o r  longer time periods. 

Substantial quantities of non-TRU wastes are generated i n  the once-through fuel  cycle 

during operation d nuclear power plants and spent fuel  storage fac i l i t i es .  Depending on 
the treatment i n  the once-through fuel  cycle, substanti a1 anounts d TRU secondary wastes 
may or may not be produced. If the treaiment mode involves simply the packaging of i n tac t  
spent fuel  , the secondary waste produced i n  the packaging operati on should contain very 1 it- 

t l e  TRU radioact iv i ty  and i s  considered here to  be a l l  non-TRU waste. However, if the spent 

f el cladding i s  breached i n  the treatment process, then secondary TRU wastes would be pro- 
duced. Depending on the canplexity of such a process, substantial mounts of TRU secondary 
waste coul d be produced. The secondary TRU wastes f ran the once-through fuel cycle would 
be simi lar t o  sane of the primary wastes i n  the reprocessing case. 

4.2.2 Reprocessing Cycle 

When spent fuel  i s  processed t o  recover ( for  recycle) the uraniun and plutonium it con- 

tains, primary TRU wastes of two types are generated i n  recycle fac i l i t i es :  1) fuel repro- 

cessing plant (FRP) wastes and 2) mixed oxide fuel  fabrication plant (MDX-FFP) wastes. I n  
fuel  reprocessing plants the spent fuel  i s  dissolved out OF the cladding, the uraniun and 
plutoniun are recovered and puri f ied by a series of solvent extraction operations, and the 

uraniun and pl utoni un products are converted t o  UF6 and Pu02 (or mixed U02-Pu02) f o r  further 

use. I n  mixed oxide fuel  fabrication plants the Pu02 (or mixed U02-Pu02) i s  blended w i th  
U02, processed t o  a suitable form, and incorporated i n t o  mixed oxide (MOX) fuel elenents t o  
be recycled t o  a nuclear pwer plant. More extensive descriptions of such f a c i l i t i e s  are pre- 
sented i n  DOE/ET-0028 (Section 3.2). 

Table 4.2.3 contaf m the estimated cpranti t ies  and selected radionucl ide contents OF the 
primary high-level, TRU, and gaseous wastes generated i n  the reprocessing cycle. The radio- 
nucl i r k  contents are given as fractions of the anounts present i n  the recycle spent fuel  fo r  

the FRP wastes and as fractions of the mounts present i n  the fabricated MDX fuel  f o r  the 
MDX FFP wastes. These anounts are presented i n  Table 4.2.4, fo r  an example recycle spent 
fuel, and i n  Table 4.2.5, for  an exmple MDX fuel. Except f o r  the isotopes of uraniun and 
plutoniun, the to ta l  anounts of radionucl ides present i n  the untreated wastes of the two 

fuel cycles may be d i rec t ly  canpared using the data of Tables 4.2.2 and 4.2.4. The quanti- 
t ies  of uraniun and plutoniun i n  the reprocessing cycle wastes mount t o  about l% of that 
present i n  the spent fuel.  

Wastes fran two areas of the fuel  reprocessing plant (the fuel  storage basin and the 

uraniun conversion f a c i l i t y )  are classi f ied as non-TRU wastes. As i n  the once-through 

cycle, non-TRU wastes also resu l t  f ran  operation of nuclear power plants and spent fuel  
storage f a c i l i  ti es . 

- 



TABLE 4.2.3. Selected Radionucl i& Content i n  Primary High-Level , TRU, and Gaseous Wastes fran Fuel Reprocessing Plant and MOX Fuel 
Fabrication P l  ant 

Nuclide Content I n  Wbstr c l tenodb)  as a Fraction of that Present i n  Spent Fuel (c) a i n  WX Fucl(d) 
F iss im h d u c t s  ctinides Activatton w W t s  

H K r  -- =r. 0 lu I c. I U  m A C F C C O I I  
I I a 10-I 1 s a 10-3 1 1 o o nigk-Lsv.1 Lipuid wu te  

Fuel loib 
nul ls 
erdwre 

Failed E y i p r n t  

R P  
Fa? 

10 
2.1 

FRP 8.4 
)IOI R P  1.5 

R P  15 
lYll FFP 1.5 

Caputable and ~ s t i b l m  
wast. 

Trash Process Wl 's 

I a I a LO" 
a 10-7. 1 a 10" 

1 a 10-11 I a lo'" 
1 a,10-12(d) 1 lQ-U4 
I a 10-11 1 a 
3 a - 7  3 10'7(d) 

venti lation ~ i r  

'-A frol k c t i o n  I of  OOEAt-OOZB. 
(b) DItJ O I t l M  roll) kctiM 3.3 O f  DIE-El-0028. 
c Wmt i t tes  v n s n t  i n  s ant fuel  m 1 l s W  in T a l e  4.2.4. 

Id ]  Quantities pesent  k & fuel re l is ted i n  T a l e  4.2.6. 



TABLE 4.2.4. Selected Radionuclide Content i n  Example Recycle Spent Fuel 

Ci/GWe-yr f o r  Various Decay Periods 

Fission Products 

3~ 
85~r 

1 O 6 ~ U  
129* 

134cs 
137cs 
144~e 
Total  A l l  F ission 

Products 

Actinides 

*8u 
2 3 8 ~ u  

2 3 9 ~ u  
24Opu ' 

241~u 
241h 

242& 
244& 

Total  A l l  Actinides 

Act ivat ion Products 

6Oco 
63~i 

Total A l l  Activa- 
t i  on Products 

(a) A minimum age o f  1.5 yr i s  assumed here f o r  reprocessing. 
(b) A minimum age o f  6.5 yr i s  assumed here f o r  shipment of s o l i d i f i e d  high-level waste. 



TABLE 4.2.5. Selected Radionuclide Conten 
Example MOX fuel 

~i/GWe-yr(~) f a  Different 
Times Since Reprocessing 

Actinides 1 db) 10 yr 

2 3 8 ~ p l  1.4 x lo5 1.4 x lo5 

Total 4.6 x lo6 3.1 x lo6 

(a) Assuming 20% of fuel to reactors 
is recycle MOX fuel. 

(b) A period of 1 yr is assumed here 
between reprocessing and MOX fuel 
fabricatfon. 



4.3 MASTE TREATMENT AND PACKAGING 

This  section addresses the treatment and packaging of high-level (including spent 
fuel), TRU, and gaseous wastes resulting f r m  the once-through and the reprocessing cycles. 
The principal source of the information contained herein i s  DOE/ET-0028, Technoloqy for  Com- 
mercial Radioactive Waste Management (DOE 1979), which was prepared i n  support of this 
statement.(') The processes described here are not necessarily optimized bu t  are represen- 
tative of currently available technology. 

The treated waste form and container each provide a barrier to  release of radionuclides 
after disposal. The functions of the treated waste forms and containers are discussed i n  
more detail i n  Section 5.1.2. 

4.3.1 Spent Fuel Treatment and Packaginq i n  Once-Through Cycle 

In the once-through fuel cycle, the spent fuel i s  considered t o  be waste and is treated 
t o  prepare it for disposal. Treatment processes that have been examined range from simply 
1)- packaging the intact spent fuel assemblies to  2) chopping the fuel assemblies t o  expose 
the fuel, utilizing a process called voloxidation to  remove a portion of the volatile radio- 
nuclides, dissolving the fuel i n  n i t r ic  acid and f inal ly converting the solution to a solid 
by calcination and vitrification. 

Encapsulation of intact spent fuel assemblies for geologic disposal i s  the example pro- 
cess assumed i n  th is  Statement for the once-through fuel cycle. Three other treatment 
methods are also described to i l lustrate  the range of treatment a1 ternatives avail able. 

4.3.1.1 Encapsulate Intact Assembly (Example Method) 

A detai 1 ed description of the example encapsulation process i s  contained i n  DOE/ET-0028 
(Section 5.7.3). A similar process i s  described i n  OWI-39 (Appendix C). In both of these 
process concepts the intact fuel assemblies are placed i n  steel canisters that are then 
backfilled uith helium and welded closed. A flow diagram for  the process i s  shown i n  
Figure 4.3.1. 

The canister and f i l l e r  materials included i n  the studies discussed here are only a few 
of the potentially applicable materials. Canister materials being considered by DOE include 
a variety of metal alloys, ceramics, carbides, forms of carbon, glasses, and cements; poten- 
t i a l  f i l l e r  (stabilizer) materials include a variety of gases, castable solids, and granular 

(a) Additional once-through cycle concepts were discussed later  i n  'An Assessment of LWR 
Spent Fuel Disposal Options," ONWI-39 (ONWI 1979) ; th is  report also contains information 
on a reprocessing case which Is somewhat different i n  waste treatment philosophy than 
that presented i n  DOE/ET-0028. Other recent descriptions of reprocessing waste treat- 
ment operations are contained i n  "Design Integration Study, Spent LWR Fuel Rec cle  Com- 
plex, Conceptual Design, Case A-1, Separated Streams,. DP-CFP-78-121 (SRL 19783 and 
"Design Integration Study, Spent LWR Fuel Recycle Complex, Conceptual Design, Coproces- 
sing Case A-2," DP-CFP-121-79 (Harries e t  al. 1979). Various metxods of waste treatment 
and packaging for  both fuel cycles are also addressed in "Technical Support of Standards 
fo r  H i  gh-Level Radioactive ldaste Management, Volume 0, Engineering Controls, 
EPA 520/4-79-007B (EPA 1977 ) 
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FIGURE 4.3.1. Flow Diagram fo r  Encapsulation of Intact Spent Fuel Assemblies 

solids (DOE/NE-0007, Section II.E.l). The waste package f ina l ly  chosen w i l l  be tailored t o  
the geologic environment in  which the package is t o  be disposed. 

In the DOE/O-0028 study, the cleaned and dried fuel assemblies are individually pack- 
aged in square canisters(a) that  are only s l ight ly l a g e r  than the assemblies themselves. A 
canister for  a PWR assembly has dimensions of 0.24 x 0.24 x 4.88 m (9.5 x 9.5 x 192 in.) and 
a canister for  a BWR assernbly has dimensions of 0.165 x 0.165 x 4.88 m (6.5 x 6.5 x 192 in.). 
For the mixture of fuel used in  this generic study (40% of the assemblies are from PWRs and 
60% are from BWRs), 127 canisters are f i l l e d  per Me-yr. 

The process concept described in  OWI-39 (Appendix C) is very simil ar except t ha t  
cylindrical canisters are used, and the BWR assemblies are packaged three t o  a canister. A 
canister for  a PWR assembly has dimensions of 0.36 x 4.72 m (14 x 186 in.) and a canister 
for  three BWR assemblies has dimensions of 0.41 x 4.72 m (16 x 186 in.). Seventy-eight can- 
i s te rs  per GWe-yr are required in this instance for  the mixture of fuel used in this generic 
study. 

The DOE/Er-0028 and the ONWI-39 studies present different estimates of TRU waste pro- 
duced during the treatment operations. WE/ET-0028 concluded tha t  waste produced during the  
treatment of the intact fuel assemblies could be considered t o  be non-TRU (as is waste pro- 
duced during the irradiation and the subsequent storage of the assemblies). OWI-39, how- 
ever.. l i s t s  appreciable quantit ies of TRU wastes resulting from packaging of the intact  
assemblies (but does not sqj( in  nhich operations they arise). The actual amount remains t o  
be determined from operating experience; if a significant amount of TRU waste i s  indeed gen- 
erated during the packaging of intact spent fuel, then the spent fuel capacity of the 
repositories described in Chapter 5 m a y  be somewhat overstated. 

Consideration is also given in  ONWI-39 (Section 10.3) t o  other canister design varia- 
tions. Alternative canister void fil ler materials considered include gases other than 
helium (e.g., a i r ,  nitrogen, or argon), monolithic solid f i l l e r s  formed by pouring molten 
materials (e.g., lead, aluminum, or glass) into the canister and then cooling, and granular 
solid f i l l e r s  (e.g., lead shot, sand, or glass f r i t ) .  The use of thicker walls in  the pr i -  
mary canisters, overpacks, and increasing the number of spent fuel assemblies per canister 
were also considered. 

- 
(a)  Square canisters allow a more close-packed array during interfm storage but are not as 

strong as cylindrical canisters w i t h  the same wall thickness. 



Another variation considered i n  01JWI-39 (Section 10.6) involves disassembly p r i o r  t o  
packaging so that the canisters contain spent fue l  rods only, instead o f  complete assem- 
blies. I n  t h i s  option the end f i t t i n g s  are removed from the fuel  elements, the elements are 
disassembled, and the fuel rods are bundled together and sealed in to  canisters. 

4.3.1.2 Chop Fuel Assembly, Voloxidize Fuel, and Encapsulate 

A process for chopping the fuel assemblies, removing vo la t i l e  components through 
voloxidation, and encapsulating the spent fuel i s  described i n  ONWI-39 (Appendix C). The 
end f i t t i n g s  of the spent fuel are f i r s t  cut o f f  and encapsulated. The remaining portions 
o f  the fue l  assemblies are then chopped and voloxidized, and encapsulated i n  canisters. A 
f l o w  dtagrarn for the process i s  shown i n  Figure 4.3.2. 

The voloxidation process, which i s  i n  the developnent stage (Groenier 1977). promotes 
the release of gaseous f ission products from the fuel by oxidizing U02 t o  UJOB at  4QO0to 
500'C i n  air. This oxidatton results i n  disintegration o f  the fuel, which provides an 
easier escape path fo r  the gaseous f iss ion products. Removal o f  the gaseous f i ss ion  pro- ' 

ducts from the off-gas stream i s  addressed I n  Section 4.3.4. 

The processed spent fue l  i s  encapsulated i n  cyl indr ical  steel canisters that  are 

helium-filled, sealed by welding, and leak tested. Any leaking canisters are overpacked i n  
a second larger canister. The priinary canister size i s  0.30 x 3.0 m (12 x 120 in.). 

Sixty-one canisters per We-yr are estimated to- be required t o  contain the chopped and 
voloxidized fuel. 

The end f i t t i n g s  sheared from the fuel-bearing portions o f  spent fue l  are packaged 
without further processing i n  0.5 x 3.0 m cy l indr ica l  canisters. One canister holds the 
ends o f  ei ther three PWR or stx BbR assemblies; f o r  the mixture o f  fue l  used i n  t h i s  generlc 
study, 11.6 canisters are f i l l e d  per GWe-yr. 

FIGURE 4.3.2. Flow D i  agrarn f o r  Encapsulation o f  Chopped and Voloxidized Spent Fuel 
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Combustible wastes produced duri  ng the procassi ng (secondary wastes) are converted to 
ashes i n  an incinerator, and the ashes are blended w i t h  fixation materials and placed into 
waste containers. Incineration is accomplished i n  a molten s a l t  combustion u n i t  followed by 

fixation of TRU ashes i n  aluminum s l l  i cate mineral (clay). Noncombustible secondary wastes 
are also blended w i t h  fixation materials and placed into waste containers. Large pieces of 
failed equipment are disassembled or cut into smaller pieces suitable for packaging. The 
wastes requiring remote handling are packaged i n  0.5 x 3.0-m cylindrical canisters, and the 
wastes suitable for contact handling are packaged i n  55-gallon drums. The estimated numbers 
of these secondary waste packages considered to be TRU wastes are 30 canisters/We-yr and 
6.5 drums/We-yr. 

4.3.1.3 Dissolve Fuel and Convert to  Glass 

A process for dissolution of fuel and conversion to glass is described i n  ONWI-39 
(Appendix C). This process incorporates fuel chopping and dissolution followed by concen- 
tration and calcination of the resultant solution followed by vitrification (conversion to 
glass) of the calcine. Voloxidation of the chopped fuel i s  also included i n  the process, as 
described i n  Section 4.3.1.2. A flow diagram for this process i s  shown i n  Figure 4.3.3. 
Although glass is the waste form described i n  ONWI-39, other waste forms such as those dis-  
cussed i n  Section 4.3.2 could also be employed. 

The voloxidized fuel is dissolved i n  ni tr ic acid. During this operation the portions 
of the iodine and krypton that were not released to the off-gas system during voloxidation 
are evolved. The off-gas treatment process is described i n  Section 4.3.4. 

The dissolution bmcess also allars separation of the fuel cladding hulls from the fuel 
itself.    he hulls are compacted in small containers w i t h  a hydraulic press and several of 
these containers are banded together and placed i n  a 0.5 x 3.0-m cylindrical canister. The 
required number of such canisters is'estimated to be 17.5 per We-yr. The fuel assembly end 
fi t t ings are packaged as described i n  Section 4.3.1.2. 

The dissolved spent fuel i s  concentrated and then spray-calcined. The calcine is then 
fed along w i t h  glass frit into a continuous ceramic melter for vitrification. The molten 
glass that emerges from the melter i s  collected i n  canisters which, after cooling, are seal- 
welded. The referenced study uses 0.5 x 3.0-m cylindrical canisters; the number required is 
estimated to be 141 'pe r  We-yr. The number of canisters will vary however, depending on the 
thermal limitations of 

The miscellkneous 
treated the same as in 
the TRU waste packages 

the final repository. 

combustible and noncombustible wastes and the failed equipment are 
the process described i n  Section 4.3.1.2. The estimated numbers of 
i n  this process are 43 canisters/We-yr and 9.4 drums/GWe-yr. 

4.3.1.4 Dissolve Fuel for Disposal as a Liquid 

The spent fuel treatment and packaging operations described i n-the preceding three sec- 
tions result in waste packages suitable for geologic disposal. These operations could 
doubtless be adapted to  provide different packages ( i f  required) for disposal by some of the 
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methods described i n  Chapter 6 as alternatives t o  geologic disposal. However, two o f  these 
alternative disposal methods (rock melting and w e l l  injection) involve disposal o f  the high- 
level waste i n  l i qu id  form; thus, a modified spent fue l  treatment process i s  required. 
Application of these methods t o  disposal o f  dissolved spent fue l  presents added nuclear 
c r i t i c a l i t y  safety problems and feasabi l i ty  uncertainties result ing from the presence i n  the 
solution o f  a l l  o f  the plutonium and the uranium. 

By eliminating the calcination and v i t r i f i c a t i o n  operations, the spent fuel  treatment 
process described i n  Section 4.3.1.3 could provide a l i q u i d  waste stream fo r  disposal. 
Additional storage would probably have t o  be provided f o r  the dissolved spent fuel  solution 
t o  allow proper operation o f  the disposal process, however. A f low diagram fo r  such a pro- 

cess i s  shown i n  Figure 4.3.4. 

4.3.2 High-Level Liquid Waste Treatment 

High-level l i qu id  wastes are defined as "those aqueous wastes resul t ing from the opera- 
t i o n  o f  the f i r s t  cycle solvent extraction system, or equivalent, and the concentrated 
wastes frm subsequent extraction cycles, or equivalent, i n  a f x i l i t y  f o r  reprocessing 
irradiated reactor fuels" (10 CFR 50). These wastes contain over 99% o f  the nonvolatile 
f i ss ion  products and actinides, except U and Pu. If spent fuel  i s  reprocessed, the U and 
Pu w i l l  normally be rkyc led.  Only a small amount o f  U and Pu, perhaps 0.5%, resul t ing from 
waste losses during reprocessing w i l l  be i n  the HLW. Liquid high-level waste can be stored 
i n  tanks as an interim measure, but i t  most be so l i  d i f  led before transportation and 
disposal. 

Many HLOl treatment processes are under development and DOE i s  comnitted t o  examining 
the re la t i ve  merits o f  many o f  these processes. for t h i s  discussion the candidate processes 
have been divided in to  three categories: those that convert the HLW in to  glass (Sec- 
t i o n  4.3.2.2), i n t o  a c rys ta l l ine  sol id  (Section 4.3.2.3). or i n t o  a composite or multiphase 
so l id  form (Section 4.3.2.4). A further important d is t inct ion concerning the candidate HLW 
waste treatment processes should also be made. The processes f a l l  i n t o  two broad classes: 
those that have been developed t o  the stage o f  pract ical  engineering-scale implementation, 
and those f o r  which there has been some characterization o f  waste form properties but l i t t l e  
or no process development. Calcine, low-melting glass and cement can be placed i n  the f i r s t  
category. A l l  o f  the res t  o f  the waste forms t o  be described f a l l  i n to  the lat ter,  rela- 
t i v e l y  undeveloped category. Additional data on many o f  these processes may be found i n  
ERDA-76-43 

The processing descriptions given here assume tha t  the HLW i s  not partit ioned before 

treatment; however, because chemical par t i t ion ing has potenti a1 as a pretreatment f o r  
high-level l i q u i d  waste, par t i t ion ing techniques are also discussed i n  t h i s  section. 

Before proceeding with the more general discussion, b r i e f  descriptions w i l l  be given o f  
the two well developed high-level l i qu id  waste treatment pracesses'~sed i n  t h i s  Statement 

f o r  evaluation o f  environmental impacts and costs. These processes are: 
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1) vitrification by in-can melting following spray calcination and 2) fluidized bed 
calcination. These processes are described in detail i n  WE/ET-0028. They produce a 
borosi licate glass product and a granular powder product, respectively. 

Spray Calciner/In-Can Melting (Example Method) 

A flow diagram for the in-can melting process, the example high-level waste solidifica- 
tion process of this Statement, i s  shown i n  Figure 4.3.5. The l i q u i d  HLW is  dried and cal- 
cined i n  a spray-calciner, the resultant calcine is  mixed w i t h  about twice i t s  weight of 
glass-forming materials, and the mixture is melted wi th in  a steal canister. The filled can- 
ister is  cooled and sealed by welding. The output of the example process amounts to about 
2.2 2 of waste glass per We-yr; higher volumes would result from lower waste loadings. 
The number of canisters used to contain this volume of glass depends on a number of factors, 
among which are the heat generation rate of the contained waste and the heat generation rate 
per canister allowed by disposal considerations. For canister heat loadings of 1.2 to 
3.2 kW (typical of those allowed i n  geologic repositories) and 6.5-year aged (out-of- 
reactor) waste, the nuher of canisters would amount to 44 and 17, respectively, p e r  GWe-yr. 
A large variety of other glass-making processes have been developed; the output of these 
processes would be similar to that described here. 

Fluidized Bed Calcination 

In the fluidized bed calcination process (other calcination processes are also fea- 
sible), the l i q u i d  HLW is  atomized as i t  enters the calciner vessel, which is heated by an 
in-bed combustion system. When the atomized HLW is injected into the hot bed, the waste 
constituents are converted to solids (primarily oxides) that adhere t~ the surface of par- 
ticles already i n  the bed. The bed is fluidized by heated air entering through perforations 
i n  the bottom support plate. Calcined product is  removed continuously so that the bed 
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inventory remains essentially constant. The calcine is collected i n  canisters and residual 
water and nitrate are removed by heating to  700'C before the canisters are sealed shut.  The 

3 output of the example process amounts to about 0.9 m of calcine per We-yr. A smaller 
diameter canister may be required for waste calcine t h a n  for waste glass to prevent over- 
heating a t  the centerline of the canister, because of the lower thermal conductivity of 
calcine. 

4.3.2.1. Chemical Partitioning 

The partitioning or separation of certain elements from nuclear fuel cycle wastes has 
been viewed as a potential means for improving waste'management (ERDA 1976; Campbell 1976, 
~chneider and Platt 1974, Cooperstein 1976). The perceived benefits result from removal of 
certain radionuclides and, hence, improvements i n  the management of the resulting parti- 
ti oned radionucl i de fraction compared to the management options for the unpart i t ioned 
wastes. Three subsequent options for disposal of partitioned radionucl ides are discussed 
in t h i s  document: 1)--transmutatton as discussed i n  Section 6.1.7, 2) chemical resynthesis 
as discussed i n  Section 4.3.2.3, and 3) space disposal as discussed i n  section 6.1.8. 

In general, to partition simply means to  separate elements, or groups' of elements,' fram 
sane mixture of chemical species. In a nuclear fuel cycle, partitioning would occur mainly 
during the reprocessing of spent fuel (ERDA 1976). There are many chemical elements i n  
spent nuclear fuels (see Section 2.1). and many combinations i n  which these elements may be 
chemically separated. Consequently, there are a1 so numerous partitioning a1 ternatives that 
m a y  faci l i tate useful waste treatment alternatives or disposal options. For al l  the speci- 
f i c  partitioning candidates described here, one must realize that: 1) no partitioning 
processes have been demonstrated for waste d i ~ p o ~ a l  on a comnercial scale; 2) historically 
most recovery processes leave several percent, or more, of the desired elements i n  the waste 
streams; and 3) partitioning for waste management purposes requires substantially higher 
recoveries t h a n  have been achieved to date. Partitioning itself is not an option for final 
disposal of radioactive wastes, although some waste partitioning may be required as a 
pretreatment t o  permit the final disposal of the resulting waste fraction (e.g., the parti- 
tioning of fission product iodine for space disposal). 

With respect to  waste management, partitioning m a y  lead to improved waste characteris- 
t i c s  for either the short term (less t h a n  1000 years) or the long term (greater than 
1000 years). The partitioning of strontium and cesium, for example, may be a useful option 
to  reduce the self-heating (Buckingharn 1967) characteristics of high-level wastes over the 
short term and thereby permit the storage of s a l t  cakes that are not overly self-heating. 
In addition, the &titioning of actinides as well as some fission products may be useful t o  
reduce the long-term radiotoxicity of wastes (Bond and Leuze 1975, Croff e t  al. 1977) and, 
therefore, reduce the exposure of future populations to  radioactivity should the wastes ever 
be reintroduced into man's environment i n  the distant future (say after 100,000 years of - 
storage). 



Some partitioning options m a y  be useful for  maximizing energy conservation in the fuel 
cycle, fac i l i t a t ing  the benefici a1 use (Rohnann 1968) of selected fission products, and 
improving nuclear safeguards (Campbell and Gift 1978; Pobereskin, Kok and Madia 1977). The 
recovery of cesium, f o r  example, has been examined for  use in s te r i l i z ing  sewage sludges 
(Sivinski 1975; Reynolds, Hagengruber and Zuppero 1974); strontium might also be used as a 
heat source (Dix 1975) in remote and inacccessible areas. Partitioned palladium, rhodium, 
ruthenium and technetium could become mineral resources. 

On the other hand, partitioning w i  11 invariably complicate waste management during the 
operation of the fuel cycle, as compared w i t h  other existing methods of dealing w i t h  the 
unpartitioned wastes (ERDA-76-43, Section 16.2). Several reasons f o r  this are: 

Increased production of secondary wastes. A1 thought the chemistry associated w i t h  
the partitioning of radionuclides is quite diverse, a l l  known options generate 
significant quantities of secondary wastes that  must be managed. These secondary 
wastes may be treated by incineration, by compaction, by i rmbil izat ion,  or  by 
other methods, b u t  invariably the waste volumes will be increased by the parti-  
tioning, and waste management costs w i  11 also increase. Many parti  tioning options 
w i l l  significantly increase the high-level waste volume because of the addition 
of salt ing agents or other nonvolative species. Also, many chemical additives may 
adversely affect high-level waste solidif ication and the long-term s t ab i l i t y  of 
the waste form (e.g., glass devitrification). 

Increased transportation costs and requirements. Most partitioned waste fractions 
can be transported safely only w i t h  extensive shielding. For many of the transmu- 
tation cycles, the transmutable1 elements are recycled many times before a s ignif i -  
cant reduction' i n  quantity is achieved. In the case of actinides some of the 
transmuted products are strong neutron emitters and w i l l  constitute a handling 
problem. % 

Increased costs due t o  phrtitioning and secondary waste treatment. A l l  known par- 
t i t ioning options involve sophisticated chemical separation processes tha t  must 
be remotefy maintained and operated. Significant capital investment and operating 
costs will resul t  i f  these chemical processes are implemented. The recovery of 
selected waste constituents, l i ke  cesium and strontium, does not significantly 
reduce the cost of managing the residual. high-level waste. ' 

Increased potential for radiation exposure. Since partitioning will require 
increased chemical operations, hand1 ing, transportati or, -.-d storage, the 
ti a1 for  increased occupational radiation exposure also exists. The potential for 
accidental release of radioactive materi a1 (and general population exposure) w i  11 
also be increased. These factors must be, quantified i f  partitioning is adopted. 

Increased thermal loading. Partitioned waste fractions w i t h  high heat generation 
densities impose a higher thermal load on containment materialcthan does unparti- 
tioned waste. A recent study (NAS 1978) has suggested that the permanent contain- 
ment of cesium and strontium partitioned from wastes a t  Hanford w i l l  be d i f f i cu l t  
because of the high heat densities involved. 



4.3.2.2 Glass Waste Forms 

Vitrification (conversion to glass) of high-level liquid wastes is being developed i n  
Germany, France, India, Russia, Great Britain, Belgium, Japan, Canada and the United States. 
A fac i l i ty  for vitrification of the HLW from the Marcoule reprocessing plant has been oper- 
ating i n  France since the sumner of 1978 (Bonniand e t  al. 1978). The various HLU vitrifica- 
tion processes and properties of the glasses made by them have been well described i n  recent 
reports and symposia proceedings (McCarthy 1979, Chikal la  and Mendel 1979). 

Low-Me1 t i n g  61 asses 

tow-melting glasses are glasses that can be processed at  temperatures belaw about 
1200°C. The most well developed vitrification processes throughout the world a1 1 pro- 
duce low-melting glasses of a borosilicate fornulaion, although a small amount of develop- 
ment continues on phosphate glass formulations (Kelley 1975, W i  ley and LeRoy 1979, 6ombert 
e t  al. 1979, Kupfer 1979 and Mendel 1978). The product of these borosilicate glass pro- 
cesses is a glass casting i n  a metal canister. The castings vary i n  size depending on the 
process and the amount of radioactivity, bu t  are generally cylinders from 0.3 to  0.6 m i n  
diameter and '1 to 3 m long. 

I 

Borosilicate waste . I  asses can contain one-third' .r more (by weight) HLU oxides; the 
remainder is inert glass-forming material added during vitrification processing. The 
glasses can tolerate wide variations i n  HLV composition without sacrificing their prop- 
erties. The glass castings contain some fractures caused by thermal stresses induced as the 
large monoliths cool. Waste glasses are metastable materials and they must be cooled fa i r ly  
rapidly (a cooling rate of a t  least 10°C/hr between 900'C and 600'C is satisfactory for most 
formulations) to prevent excessive devitrif ication from occurr lng. A t  lower temperatures, 
e.g., those encountered i n  geologic disposal, the rates of thermal devitrification are too 
slaw to  be a factor. Extensive studies have shown that the only significant effect of devi- 
trification, i f  i t  does occur, is a small increase i n  leach rate. The increase is usually 
less than a factor of three even i n  fu l ly  devitrfffed glasses but  i n  some formulations may 
be as high as 10.: The glass phase exhibits excellent s tabil i ty i n  radiation fields as shown 
by tests simulating over 500,000 years of alpha radiation. 

Borosi licate waste glasses also exhibit good chemical. durabil ity; however, there is a 
f in i te  reaction rate w i t h  water. The reaction rate i s  dependent on many factors but for 
typical waste glasses i s  usually tn the range lom7 to  lod g glass/cm2-day after a few weeks 
of leaching a t  25°C. The rate increases w i t h  temperature, rising a factor of 10 t o  100 for 
a 100°C increase i n  temperature. 

Hiqh-Temperature Classes 

In the context of this discussion, these are glasses that melt above 1200°C. They con- 
tain more si l ica or alumina than the low-temperature glasses.' An early example of a high- 
temperature waste glass is the nepheli ne syenite waste glass made i n  _Canada from 1958 to  
1960. Blocks of this glass, without canisters, were buried below the water table a t  Chalk 
River i n  1960. The leaching behavior of these glass blocks has been monitored by means of 



wells. The %r leach ra te  decreased w i t h  time and af ter  about 5 years stabilized a t  the 
very la, r a t e  of 5 x 10-l1 g glass/un2-day (Merritt 1977). 

Recently, development of a stuffed glass process has begun a t  Catholic University i n  
Ilashington, D.C. (Simmons e t  al. 1979). The process u t i l i zes  a high-temperature, high- 
s i l i ca  glass tha t  can be prepared i n  a porous form outside the radioactive processing cell. 
The pre-prepared porous glass is then soaked in HLU solution. After a suitable soaking 
period the solution-laden porous glass is removed from solution and the HLW constituents are 
precipitated. The porous glass is then soaked in a solvent that  removes the waste from a 
surf ace layer of the porous glass. The solvent is subsequently evaporated and the porous 
glass is dried a t  62S0 t o  700°C t o  convert the HLW constituents in  the pores t o  oxides. 
Then the temperature is raised t o  900°C for  sintering. During sintering, the pores col- 
lapse. The f ina l  product is solid glass that contains the radioactive waste materials 
in te rs t i  ti ally, and has a high-si li ca envelope on the outer surface. A1 ternatively, the 
same f inal  form can be obtained by putting waste-laden porous glass granules in  an envelope 

. of waste-f ree porous glass and sintering t o  close the pores. 

The stuffed glass process potentially yields a product w i t h  the durabili ty of a high- 
melting glass b u t  u t i l i zes  lower processing temperatures. In addition, the product has a 
built-in barrier of iner t  high s i l i c a  glass on the surface. 

61 ass-Cer ami cs 

61 ass-ceramics are a c lass  of speci a l ly  formulated materials tha t  can be melted, pm- 
cessed and formed as glasses and then devitrified, or crystallized, under controlled condi- 
tions. Glass-ceramics have become important comnercially in the l a s t  20 years. They are 
valued for  t he i r  thermal s tab i l i ty  and physical ruggedness. 

Most of the investigations of glass-ceramics as  materials f o r  HLW disposal have been 
carried out in Germany a t  the Hahn-Meitner Ins t i tu te  i n  Berlin and a t  Karlsruhe (De e t  al. 
1976, Guber e t  a1 . 1979). The waste-containing gl ass-cerami cs  formulated t o  date are 
usually only about 50% crystal l ine (comnerci a1 glass-ceramics are over 95% crystal line). 
Some improvements in thermal s t ab i l i t y  (higher softening points) and physical ruggedness 
have been observed; the leach rates  obtained t o  date are in the same range as those of low- 
melting waste glasses. s 

4.3.2.3 Crystalline Waste Forms 

For the purposes of t h i s  discussion a l l  nonvitreous high-level solid waste forms w i l l  
be termed crystalline. In general, crystall ine waste forms, particularly those that have 
undergone extensive thermal treatment and are not approaching solid solution l i n i  ts, are 
thermodynamically more stable than glass waste forms. In some crystal l ine waste forms the  
crystals are ' tail  oredm to  resemble minerals tha t  have h demonstrated s t ab i l i t y  i n  nature. 

Cement .- 
Cements are used routinely t o  encapsulate low and intermedi ate-level radioactive 

wastes. ~ i q u i d  or slurry wastes are mixed w j t h  a predetermined weight of dry solids. The 



solids m y  be primarily Port1 and cement such as used i n  concrete, or may consist of cement 
mixed w i t h  f l y  ash and clays (grouts) and can be specially designed (usually high alumina) 
cements (Stone 1977 and Lokken 1978). 

Cements are' intrinsically somewhat porous and due to the hydrated phases are poten- 
t i a l l y  sensitive to  damage from radiation and long-term thermal exposure. They have been 
considered for the treatment of defense HLV, and techniques that reduce the porosity and 
water content may even make their use for  comnercial HLW feasible (Roy and Gouda 1978). One 
such technique is the FUETAP process being investigated a t  Oak Ridge National Laboratory i n  

whlch the waste-containing cement mixture is processed a t  250°C and 600 psi (Moore e t  al. 
1979 ) . 

Calcine 

Defense HLH' has been calcined using a fluidized bed calcination process a t  the Idaho 
3 Chemical Processing Plant ( ICPP) since 1963. Over 1500 m of granular calcined waste par- 

t ic les  are now stored i n  stainless steel bins housed i n  underground concrete vaults. The 
calcined waste is a good law-volume, noncorrosive form for storage. 

The ICPP calcination process converts the HLW to  dry sa l t s  and oxides. Consolidation - 

techniques that decrease the surface area of the solids, decrease the potential for  airborne 
fines, and increase the chemical durabi 1 i ty  are being investigated. The consolidation tech- 
niques are either sintering processes that  yield a type of glass-ceramic product or pro- 
cesses that  embed the pelletized calcine i n  an inert matrix (INEL 1978, Lamb e t  al. 1979, 
see Sectfon 4.3.2.4). 

Synthetic Minerals 

To create synthetic minerals, nuclear waste constituents are chemically incorporated 
i n  crystal l ine mineral species. The long-term s tabi l i ty  of synthetic mineral waste forms 
can be deduced fran the known behavior of analogous naturally occurring minerals. O f  

course, unavoidable differences, such as radiation effects, must be studied. A review of 
the s tabi l i ty  of minerals that could contain radionuclides is given i n  Appendix P of 
Volume 2. 

Development of one synthetic mineral concept (called supercalcine) began a t  Pennsyl- 
vania State University and the Pacific ~orthwest Laboratory (McCarthy 1977, 1979a; HcCarthy 
and Davidson 1975). The concept may be considered an evolution of the well -developed cal- 
cination processes. Instead of calcining the l i q u i d  HLW as received, additions of calcu- 
lated quantities of Ca, A l ,  S I ,  etc. are made t o  the HLV so that after calcination and a 
heat treatment the waste constituents are chemically bound i n  predetermined mineral assem- 
blages. However, because HLkl contains so many different elements, the mineral assemblages 
tend to  be very complex and diff icul t  to characterize. Recently the emphasis In some 
investigations has switched to  the development of stable synthetic minerals for  only the 
actinides i n  the waste. Fluorite and monazite structures appear t o  -- form very stable crys- 
t a l s  containing these long-lived waste constituents (McCarthy 1979b). Hot pressing tech- 
niques are being investigated for consolidation of the synthetic mineral calcines. 



Another synthetic mineral concept being studied extensively i s .  Synroc, an acronym f o r  
synthetic rock coined by Dr. A. E. Ringwood o f  the Australian National University a t  
Canberra, f o r  a concept i n  which the radionuclides are incorporated i n  so l id  solution i n  

jus t  three vonsi li cate minerals: ho l l  andite, perovskite and zirconol i  t e  (Ringwood e t  at. 
1979). A distinguishing feature of & i s  concept I s  that  it maintains a low waste loading 

(210 wt%) so that the known s t a b i l i t y  of the host crystals i s  not perturbed. The waste 
forms are made by mixing calcined H L W  with the Synroc addl t ives and hot pressing a t  1200° to  
1300°C i n  sealed nickel containers. 

One method o f  obtainfng good accormodat ion of waste radionucli des i n  synthetic mineral 
assemblages i s  t o  l i m i t  the waste loading, as the Synroc concept does. Conceptually, pa r t i -  
t ioning the KW i n to  fractions would simplify the task even further and could permit a 

higher waste loading. The waste would be part i t ioned based on considerations of chemical 
and mineralogical s imi lar i t ies, and the ava i lab i l i t y  of techniques f o r  iso lat ing various 
waste fractions. The possibi 1 i t y  exists of processing each f ract ion indiv idual ly  i n t o  a 
d i f f  went synthetic mineal.  This concept minimizes crystal  compatibili ty  problems during 
processing and opens up the possibfl i t y  o f  using mu1 t i p l e  repository s i tes selected f o r  
s t a b i l i t y  with the various synthetic mineral assemblages made f r d m  each fraction. 

4.3.2.4 Composite Waste Forms 

I n  composite waste' forms, the HLW i s  usually contained i n  par t ic les or spheres o f  one 
type o f  material, which i s  surrounded by one or more different nonradioactive materials. 
The materials are chosen t o  have properties that complement one another, so that the prop- 

e r t ies  o f  the composite are superior t o  those o f  the HLW-containing material by i t se l f .  The 
waste-containing material can be particles, spheres, or small pieces o f  any o f  the candidate 
waste forms described i n  Sections 4.3.2.2 and 4.3.2.3; the surrounding materi als are metals ' 

or ceramics used t o  increase thermal conductivity and/or fracture resistance, and possibly 
t o  act as additional barr iers to  the release o f  radionuclides from the waste-containing core 
materi a1 . 

Metal Matrices 

The use o f  metal matrices i n  composite waste forms has been studied fo r  many years 

(Lamb 1979, Jardine and Steindler 1978, Neumann 1979). Metal matrices are used t o  improve 
thermal conductivity and to  minimize fracturing o f  the waste glass beads by adding duc- 

t i l i ty, i.e., an a b i l i t y  t o  bend without breaking, t o  the composite waste form. A radioac- 
t i ve  demonstration o f  the PAMELA process, i n  which HLW glass beads are embedded i n  a lead 
matrix, i s  planned as a j o i n t  German-Belgium project i n  the early 1980s (Salander and Zuhlke 
1979). 

La-melting metals, such as lead or almirwm and the i r  alloys, have received the d s t  
consideration as waste form matrices, but higher-mel t i n g  metals, such as copper and even 

steel, can be used t o  form porous matrices by a powder sinter ing technique. Even nonporous 
melt-formed metal matrices may not form a complete barr ier  t o  leaching i f  water contacts the 
waste form; the bond between the metal and' the waste-containing part ic les may not be t i g h t  



enough to prevent access o f  water t o  the interior of the composite. A barrier can be 
formed, however, as is done i n  the PAMELA process, by suspending the waste-containing par- 
t icles i n  a basket i n  the canister and f i l l ing the annulus between the basket and the can- 
ister  wall w i t h  pure matrix metal. . 

Coated Particles 

Coated particle conposite waste forms are being developed, partial 1y based on the tech- 
nology developed for the manufacture of high temperature gas-cooled reactor (HER) fuels 
(Rusi n e t  al 1978, 1979a and 1979b). These fuels consist of ceramic pellets that are coated 
w i t h  pyrolytic graphite and silicon carbide, and embedded in a graphite matrix. The core 
material that has been most studied for coated particle composite waste forms i s  the synthe- 
t i c  mineral calcine described i n  Section 4.3.2.3; however, the concept can uti l ize other 
core materials. calcine pellets are formed i n  a disk pelletizer and coated w i t h  pyrolytic 
graphite and silicon carbide i n  a fluidized bed. Laboratory tests have shown that an outer 
coating of durable A1203 can be added. The coated particles would be surrounded by a 
metal matrix i n  canisters before emplacement i n  a geologic repository. 

Coated particles are a way of adapting the multiple barrier concept to the waste form 
itself.  Tests have shown that the particles can have very good chemical durability. How- 
ever, the processing would be very complex and require a large amount of development before 
i t  could be done remotely. 

Cermet - 
This waste form concept, under development at Oak Ridge National Laboratory, produces 

a uniform dispersion of waste oxide particles within a metal matrix (Quinby 1978). The 
waste and specific additives required to form the desired ceramic oxide phases and metal 
alloy matrix are dissolved together i n  molten urea. The urea solution is precipitated and 
calcined and the fine pawders produced i n  this  step are compacted by extrusion or pressing 
into desired shapes. . In the final processing step the reducible metal oxides, such as 
oxides of Cr, Ni , Fe, and Co, are reduced i n  a Hz or CO atmosphere to_ form an alloy that ' 

encapsulates the unreduced ceramic oxides. After the 800'~ reduction the composite is mixed 
w i t h  an organic binder, extruded t o  form rods and sintered i n  a nonoxidizing atmosphere at 
1200°C to form a dense cmpact. 

High waste loading can be achieved i n  cermets 
waste form part of the metal matrix. The reducing 
during processing. 

4.3.2.5 Waste Form Characterization 

In that the WE i s  comnitted to examining the 
available waste forms, research and development is 
waste forms described in Sections 4.3.2.2, 4.3.2.3 

because metals from sal ts  present i n  the 
conditions reduce volati 1 izati on problems 

relative merits of al l  potentially 
being supported on almost a l l  of the 
and 4.3.2.4.1 Trgatment processes are 

already available t o  produce certain of the waste forms, such as low-melting glass. The 
DOE program i s  designed to determine i f  there are other waste forms that can be prac- 
ticably produced and that offer improved characteristics. A Materials Characterization 



Center has been set  up to provide techniques for comparing important waste form materials 
characteristics on a comnon basis (Nelson et a\. 1980). The f i r s t  issue of the Nuclear 
Waste Materials Handbook will be published i n  approximately two years. I t  w i l l  contain 
materials data, not only for candidate waste forms, b u t  also for other waste package com- 
ponents. 

Since the most likely mechanism for release of radionuclides t o  the biosphere is reac- 
tion with and transport by ground water, resistance to leaching of radionuclides by ground 
water i s  the performance characteristic of major interest. Leach resistance can be highly 
dependent upon the physical, chemical, mechani cal, and radi ation stability of the waste 
form. The stability of a waste form depends upon its response to radiation, temperature, 
and the chemical environment (Mendel et al. 1975). The factors influencing long-term sta- 
b i l i ty  are: 1 )  transmutation by radioactive decay, which may alter the chemical structure 
of the waste form; 2) recoil from alpha decay, which m a y  break chemical bonds and alter the 
physical structure of the waste form; 3) heat generated by radioactive decay, which may 
cause the waste form to change to a more thermodynamically stable state and which m a y  accel- 
erate potent 1 a1 chemical reactions, inchding 1 eaching; and 4) the chemical environment, 
i.e., water plus dissolved ions', which ultimately determines the rate of release of radioac- 
tive materials into the repository. 

4.3.3 TRU Waste Treatment i n  the Reprocessing Cycle 

When spent fuel i s  reprocessed for uranium and plutonium recycle, the non-high-level 
and nongaseous wastes that result from these operations and from the mixed oxide fuel fabrl- 
cation must also be treated and packaged. This  section addresses the treatment of these 
solid and liquid TRU wastes. Treatment and packaging processes for such wastes are 
described i n  detail in 00E-ET-0028 (section 4.0). where wastes are discussed in four cate- 
gories: 1) fuel residue (the fuel h u l l s  and assembly hardware), 2) failed equipment and 
noncombustible waste, 3) compactable and combustible waste, and 4) wet and particulte solid 
wastes. Brief descriptions of the treatment processes for these wastes are given i n  the 
fo l lk ing  sections; the referenced document may be consulted for details. Both TRU and 
non-TRU wastes of the latter three categories result from operation of fuel reprocessing 
plants (FRPs). Only the treatment of the TRU wastes i s  considered i n  t h i s  Statement; the 
treatment of the non-TRU portions would be similar, however. 

4.3.3.1 Fuel Residue Treatment 

Packaging without compaction i s  the example fuel residue treatment process used i n  t h i s  
Statement. Mechanical compaction of hulls and melting of hulls are also described to illus- 
trate other alternatives. The fuel residue packages have surface dose rates well above 
0.2 R/hr. Remote handling of these wastes i s  t h u s  required. 

Fuel Residue Packaging Mi thout Compaction (Example Method) - 
Packaging without compaction i s  a treatment concept i n  which the nonsegregated fuel 

residue i s  monitored for undissolved fuel, dried, and sealed without compaction i n  stainless 



steel canisters (0.76 m d ia  x 3 m) fo r  shipment t o  interim storage or .to a repository. The 
void spaces i n  the canister are f i l l e d  with dry sand t o  reduce the poss ib i l i t y  o f  ign i t ion  
of Zircaloy f ines i n  the fuel residue. ~ l t e r n a t i v e s  within the packaging without compaction 

concept involve separate packaging of the hul ls and hardware, deactivation o f  f ines before 
packaging, and use of f i l l e r  materials other than sand (e.g., concrete). Other containers 
(e.g., 55-gallon drums) could also be employed. 

Figure 4.3.6, the f l a w  diagram f o r  fuel  residue packaging without compaction, shows the 
steps involved i n  the process. The quantity o f  packaged waste result ing from t h i s  option i s  
estimated t o  be 9.1 canisters/GWe-yr. 

Mechanical Cmpaction of Hulls. Mechanical compaction o f  hu l l s  i s  a treatment concept 

f o r  fuel  residues i n  which the hul ls are separated from the fuel assembly hardware and Z i r -  
caloy fines, compacted t o  50% o f  theoretical density, and packaged i n  stainless steel can- 
is ters (0.76 m d ia  x 3 m) f o r  shipment t o  interim storage or  t o  a repository. The Zircaloy 

f ines are deactivated by oxidation and packaged i n  ident ical  canisters along with the fue l  
- assembly hardware. Compaction o f  the hul ls  could be done by a vari  ety of processes, none o f  
Hhich has been evaluated with irradiated hulls. Hydraulic press compaction was selected as 
the a1 ternative most technically feasible at present. 

The steps o f  the compaction packaging concept are shown i n  Figure 4.3.7. Implementa- 

t i o n  o f  t h i s  option i s  estimated t o  resu l t  f n  1.6 canisters/GWe-yr o f  fue l  hardware and 
3.8 canisters/We-yr o f  compacted hulls. 

Hulls Melting Process 

The hu l l  s me1 ti ng concept considered here uses the Inductoslag me1 ti ng process devel- 
oped by the U.S; Bureau o f  Mines Metallurgical Research Center i n  Albany, Oregon. In t h i s  
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FIGURE 4.3.6. Flaw Diagram f o r  Fuel Residue Packaging Without Compaction 
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FIGURE 4.3.7. Flm Diagram of Mechanical Compaction of Hulls 

process, the sheared cladding hulls are segregated from the stainless steel end fittings and 
other fuel element hardware and from the Zircaloy fines. The h u l l s  are melted, and the 
ingots from the melter are sealed into stainless steel containers.   he Zircaloy fines arc 
deactivated to eliminate pyrophoric hazards and are packaged w i t h  the stainless steel com- 
ponents w i t h o u t  melting. This melting concept has been demonstrated successfully i n  making 
ingots 10 an (4 In.) i n  diameter from simulated fuel residue. 

A flow diagram for the melting process is identical to that shown i n  Figure 4.3.7 
except that melting i s  substituted for compaction. The facility i s  designed to produce 
6 ingots/day, 0.23 m dia x 1.45 m long. These ingots are packaged i n  0.76 m dia x 3 m 
stainless steel canisters, and the fuel hardware is packaged i n  identical canisters. The 
estimated quantities are 1.6 canisters/GWe-yr of hardware md 2.1 canisters/We-yr of melted 
hulls. 

4.3.3.2 Failed Equipment and Other Noncombustible Waste Treatment - 
The example treatment of failed equipment and noncombustible waste used in this State- 

ment involves decontamination and dfsassembly of some of the failed equipment (bu t  not of 



noncombustible waste), and packaging either i n  55-gallon drums, i n  1.2 x 1.8 x 1.8 m steel . 

boxes, or (a t  an FRP) i n  canisters like those used to contain fuel residue (Sec- 
tion 4.3.3.1). Failed equipment i s  packaged i n  canisters when it cannot be decontaminated 
sufficiently to ,allow packaging i n  boxes (the boxes must have a surface dose rate less than 
200 mR/hr) or it cannot. be disassembled to f i t  in drums. Figure 4.3.8 i s  a schematic f l w .  
di  agram i llustrating treatment procedures a t  an FRP. Procedures at a MOX-FFP are similar 
i n  most respects. A1 ternative treatment concepts involve varying degrees of decontamination 
and disassembly before packaging and the addition of fixation materials (e.g., cement) 
within the packages. 

For the generic reprocessing cycle studied (Section 3.2.1.2). i t  is estimated that the 
quantity of failed equipment resulting frun operation of an FRP could be contained i n  a 

-.. mixture of packages comprising 1.4 canisters/We-yr, 1.1 boxes/We-yr, and 9.0 drums/6We-yr. 
The boxes have surf ace dose rates low enough to allow contact-handling b u t  the canisters 
and drums require remote handling. The noncombustible waste is packaged only i n  55-gallon 
drums; the estimated quantity from an FRP is 84 drums/We-yr, approximately 1096 of which 
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may be contact-handled. The quantities of failed equipment and noncombustible wastes est i-  
mated for a MOX-FFP could be contained i n  a mixture of packages comprising 0.38 boxes/We-yr 
and 7.5 drums/We-yr. A l l  of these packages could be contact-handled. 

4.3.3.3 Combustible and Compactable Waste Treatment 

Three major alternatives have been used for treating general trash and combustible 
waste: incineration, packaging w i t h o u t  treatment, and compaction. Incineration consists 
of burning the waste and treating the off-gas for removal of radionuclides and other noxious 
materials, thereby decreasing the waste volume and rendering it noncombustible. Incinera- 
tion' a1 so reduces' the potential of biological action occurring i n  the waste. Packaging 
uithout treatment consist$ of slmply packaging general trash and venti 1 ation f i l t e r s  i n  

steel drums for interim storage or interment at  the repository. The t h i r d  alternative, corn- 
paction, consists of compacting the waste and packaging it in steel drums for  interim 
storage or interment at  the repository. All three methods have been widely used i n  the 

..nuclear industry, although incineration has not been applied to wastes requiring remote 
handling. The lat ter  two methods may not give waste packages that meet waste package cri-  
teria for the repository.. 

Incineration was chosen as the example treatment process for t h i s  Statement because i t  
both renders the waste noncombustible and reduces the volume. Several incineration pro- 
cesses have been successfully operated w i t h  radioactive combustible wastes (Perkins 1976, 
Borduin and Toboas 1980). The process assumed here and described i n  DOE/ET-0028 employs a 
controlled-air, dual-chamber incinerator. Packaging without treatment was also examined in 
detail as an alternative since i t  represents the other end of the spectrum i n  terms of cost, 
volume reduction, and flamnabili t y  of the packaged waste. 

Incineration (Example Methodl 

The FRP wastes include both matertals that must be handled remotely and those that can 
be .contact-handled; we assume the use of separate but  identical incinerators for the two 
waste categories. The wastes sent to these two u n i t s  are sorted and high-density combus- 
tibles are shredded, as are wooden f i l t e r  frames after f i l t e r  media have been removed i n  a 
f i l t e r  media removal and pelletizing press. Pelletized f i l t e r  media and noncombustibles are 
packaged i n  55-gallon drums for disposal. The sorted and shredded combustibles are inciner- 
ated, and the ash (which contains essentially all of the radionuclides present i n  the waste) 
is collected for transfer t o  the wet waste and particulate solids immobi lization facility. 
The off gas from the incinerator is sent thrwbh a high-energy gas-scrubbing system for 
cooling and for removal of volat~lized radionuclides, acidic gases, and particulates before 
being f i l tered and routed to the FRP atmospheric protection system. The scrubbing solution 
is concentrated and sent, along w i t h  the ash, to  the wet waste and particulate solids imno- 
bilization facility. Figure 4.3.9 provides a simplified flow diagram of these operations. 

We assume that the MOX-FFP is located apart from the FRP and tKat a separate incinera- 
tion faci l i ty  is therefore required. The faci l i ty  design is nearly identical to that i n  the 
FRP; however, because of the relatively small volume of off-gas scrubbing solution, it does 
not provide for solution concentration before immobilization. 
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The only packaged waste outputs from the example incineration fac i l t ies  are the drums. 
containing the pelletized f i l t e r  media and minor amounts of noncombustible waste and crushed 
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metallic frames from HEPA f i l te rs .  The estimated quantities would f i l l  7.6 55-gallon drums/ 
We-yr from FRP operatlon and 0.95 55-gallon drums/GWe-yr from MOX-FFP operation. The drums 
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from the FRP would require remote handling, b u t  those from the MOX-FFP (because the prin-  

EXTRACTAM 

ciple activity results from alpha radiation) could be contact-handled. 

Packaging Without Treatment 

STORAGE 

The waste packages employed for packaging combustible and compactable wastes without 
treatment are steel drums; the larger HEPA f i l t e r s  are packaged i n  80-gallon drums, and the 
remaining wastes are packaged i n  55-gallon drums. The wastes are assumed to  be sealed i n  
plastic bags before they are shipped t o  the packaging faci l i ty .  In the packaging fac i l i t y  
they are examined and placed i n  new drums ( i f ,  necessary), ,assayed for f i s s i l e  material con- 
tent, and the lids are tightened to  the drums; 

The quantities of packaged waste are quite large under this option. We estimate 
55 80-gallon drums/GWe-yr and 137 55-gallon drums/GWe-yr of remotely handled waste and 
228 55-gallon drums/GWe-yr of contact-handled waste from the FRP. For the MOX-FFP the est i -  
mates are 6.6 80-gallon drums/GWe-yr, and 21.5 55-gallon drums/6We-yr, a l l  of which could 
be contac t-handled. 

If the packaging without treatment option is implemented, alternative treatments are 

J 

employed for  two types of combustible waste: ion exchange resins and degraded extractant. 
The ion exchange resins are sent to the wet waste and particulate solids immobilizaton 
faci l i ty ,  and the degraded extractant i s  burned i n  an incineration u n i t  designed specifi- 
cal ly for that  purpose. 
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4.3.3.4 I m b i l i z a t i o n  o f  Wet Wastes and Par t icu la te  Solids 

Pr io r  t o  shipping and i so la t ing  wet wastes, they must be immobilized. This step may 

be done by a var ie ty  o f  methods. Immobilization o f  these wet wastes i n  bftumen and cement 

(bi tuminizat ion and cementation) i s  discussed here as applied t o  an FRP and a MOX-FFP. 

Another a1 ternative, urea-formaldehyde imnobi l iza t ion,  requires process equipment s im i la r  
t o  tha t  f o r  cementation. Cementation i s  the example treatment process chosen for t h i s  

Statement. 

Cementati on (Example Method) 

Imnobi l izat ion of radioact ive wet wastes i n  cement involves mixing the wastes w i t h  

cement, p lacing the mixture i n t o  drums, and al lowing the mixture t o  harden t o  a l iqu id- f ree 

product. Cement imnobil izaion o f  radioact ive wastes has been widely used i n  the U.S. A 

var ie ty  o f  cementation technologies have been developed, including in-drum mixers, drum tum- 
blers, and i n - l i ne  mixers, each o f  which i s  described i n  ERDA-76-43. For t h i s  Statement, a 

drum-tumbling system was selected f o r  the fol lowing reasons: 
L 

Both l i q u i d  and dry wastes can be immobilized without a l t e r i ng  the comnercially 

avai lable technology. 

The wastes are mixed inside the drums, preventing external so l i d i f i ca t i on  o f  the 

waste-cement mixture. 

The process flow diagram for a cementation system a t  an FRP i s  shown i n  Figure 4.3.10. 

A s imi lar  system can be used a t  a MOX-FFP a f t e r  neut ra l izat ion o f  the acidic l i qu i ds  and 

treatment t o  remove the m a n i a  present i n  those wastes ( t o  avoid possible l a t e r  pressuriza- 

t i o n  o f  sealed containers). 

FIGURE 4.3.10. Process Flow Diagram f o r  Cementation a t  Fuel Reprocessing Plant 



The packaged waste output of the cementation systems depends markedly on whether or not 
the combustible wastes are incinerated (because the incinerator ash and scrubber solutions 
are additional feeds to the cementation systems). If the combustible wastes are inciner- 
ated, the output of the cementation systems will be 106 55-gallon drumsl6We-yr at an FRP and 

31 55-gallon drums16We-yr at a MOX-FFP. About 40% of the drums originating at an FRP and 
al l  of the drums originating a t  a MOX-FFP could be contact-handled. 

If the combustible wastes are not incinerated, the packaged waste output of the cemen- 
tation systems w i l l  be 49 55-gallon drumsI6tle-yr a t  an FRP and 11 
a HDX-FF P. A l l  of the drums originating at an FRP require remote 
nating a t  a MOX-FFP would be contact-handled. 

Imnobil iz ation of radfoactive wet wastes i n  bitumen involves 

55-gall on drums16Gle-yr at 
handling, but  those origi- 

mixing the waste w i t h  . l i q u i d  bitumen or asphalt binder and placing i t  i n  55-gallon drums. The temperature of the 
binder a t  the time of mixing (above 100°C) evaporates the free water, and thus reduces the 
waste volume. Use of bitumen to imnobilize radioactive wastes has been well demonstrated, 
1 argely through extensive operating experience i n  Europe. However, it is uncertain whether 
bitumenized waste forms will m e e t  waste form cri teria for repositories. . 

Several types of bitumeniz ation processes have been developed as discussed i n  
ERDA-76-43. In this Statement, a continuous screw extruder process was considered for the 
following reasons: 

0 The screw extruder bitumenization process operates a t  lower temperatures and w i t h  
shorter residence times than the batch process, thus minimizing off-gas problems. 

0 The process uses well-demonstrated technology. 

0 The process is comnercially available i n  the U.S. 

A process flow diagram for a bitumenization system a t  an FRP is shown i n  Figure 4.3.11. 
A similar system can be used at a MOX-FFP after neutralization of acidic liquids. 

If the combustible wastes are incinerated, the packaged waste output of the bitumeniza- 
tion systems w i l l  be 48 55-gallon drumsIWe-yr at an FRP and 10 55-gallon drums16We-yr at a 
MIX-FFP. About 2% of the drums originating a t  an FRP and all of the drums originating a t  a 
NOX-FFP could be contact-handled. 1 

If the combustible wastes are not incinerated, the packaged waste output of the bi tu-  
menization systems will be 26 55-gallon drumsIGHe-yr a t  an mP and 8.7 55-gallon drums1 
We-yr a t  a MOX-FFP. About 3% of the drums originating a t  an FRP and al l  of those originat- 
ing a t  a HOX-FFP could be contact-handled. 

4.3.4 Gaseous and Airborne Waste Treatment 

Spent nuclear fuel contains some radionuclidhs that are releasedln gaseous form during 
certain treatment operations. Such vo1 a t i le  radionuclides include the fission products 
3 ~ ,  85~r. and 12'1 and the activation product 14c. A small portion of the fission product 



FIGURE 4.3.11. Process Flow Diagram for Bitumenization Facility at Fuel Rep~cessing Plant 

ruthenium may also be converted to  a volatile species under normal process conditions. All 
of the other radionuclides present may also be present i n  off-gas and ventilation-air 
streams; these are present, however, as suspended particles rather than i n  a gaseous form. 
The fraction of the nonvolatile radionuclides suspended i n  the gas streams i s  generally 
quite small. 

Gaseous and airborne wastes w i l l  have to  be treated to remgve radionuclides whether the 
spent fuel i s  discarded (the once-through case) or reprocessed. However, the complexity of 
treatment operations migh t  vary widely depending on which cycle is chosen. The treatment 
operations will be at a minimum if spent fuel i s  packaged as intact assenblies (as i n  Sec- 
tion 4.3.1.1) and will be a t  a maximum if spent fuel i s  dissolved for disposal or 
reprocessing- 

4.3.4.1 Ftltration 

Filtration i s  employed to remove radioactive particles from air  streams being dis- 
charged f r m  various equipment and faci l i t ies  used i n  the LWR fuel cycle. Such particles 
arise from a variety of sources and mechanisms and thelr release t o  the environment can be 
controlled by a variety of filtration processes. There has been much experience in t h i s  
area, since f i  1 tration has been successfully employed for many years i n  operating nuclear 
facilities. 

One type of f i l t e r  used almost universally i n  nuclear installations i s  the high- 
efficiency particulate a i r  (HEPA) f i l ter .  These f i l t e r s  are compos<d of a specially fomu- 
lated glass fiber web contained in a wood or metal frame. HEPA f i l t e r s  are available in 
several modular sizes; the size most comnonly used for large installations i s  61 em on a 



side by 29 an deep. S t r i c t  qua l i t y  assurance by the manufacturer and i n s t a l l e r  ensures tha t  

every f i l t e r  w i l l  be a t  least  99.7% e f f i c ien t  f o r  removing par t i c les  o f  0.3 urn diameter. A 

99.9% ef f ic iency for removing radioactive par t ic les  (a  decontamination factor  (DF) o f  10)) 

i s  taken as a reasonable estimate f o r  each stage o f  HEPA f i l t r a t i o n .  Higher removals are 

achieved by the use o f  mul t ip le  stages. 

Pre f i  l t e r s  are used t o  remove par t ic les  larger than 6 urn and have less e f f ic iency f o r  
smaller part ic les.  P re f i l t e r s  are intended t o  remove the usual ambient dust from the a i r  

stream and thus double or  t r i p l e  the service l i f e  o f  the highly e f f i c i e n t  HEPA f i l t e r .  For 

radionuclide release calculations, a 91% e f f i c iency  f o r  pref i l t e r s  i n  removing radioact ive 

par t i c les  (a  DF of 10) i s  taken as a reasonable estimate. 

Most nuclear f a c i l i t y  designs include f i n a l  f i l t r a t i o n  o f  essent ia l ly  a l l  o f  the a i r  

leaving the f a c i l i t y  as wel l  as p r i o r  f i l t r a t i o n  o f  the a i r  leaving ind iv idua l  port ions o f  

the f a c i l i t y  (e.g., some process .equipment, cel ls,  glove boxes). This i s  out l ined i n  the 
f law diagram shown i n  Figure 4.3.12. The f i n a l  f i l t r a t i o n  system has been termed the atmos- 

pheric protect ion system (APS) . Three types o f  atmospheric protect ion systems are examined 

i n  de ta i l  i n  DOEIET-0028 (Section 4.11) for application a t  f ue l  reprocessing plants (simi- 
l a r  systems could be used a t  MOX-FFP and spent fue l  treatment f a c i l i t i e s ) .  These three APS 

types use HEPA f i l t e r s  f o r  f i n a l  f i  l t r a t i o n  but  use d i f f e ren t  types o f  p r e f i  l te rs .  One 

type o f  APS employs a comnercially available Group I11 throw-away p re f i l t e r ,  another type 

employs a sand-bed p re f i l t e r ,  and the t h i r d  type employs a deep-bed glass f i b e r  f i l t e r .  

The Group I11 p r e f i l t e r  option was chosen as the example case i n  t h i s  Statement. . 
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FIGURE 4.3.12. Flow Diagram f o r  F i l t r a t i o n  o f  Airborne Wastes 



4.3.4.2 Gaseous Radionucl i de Recovery 
l4 *'~r, 12'1) from airborne waste Where recoveryof gaseous radionuclides (i.e,, H, C, 

streams is required, processes other than f i l t r a t i on  must be employed. Recovery of a t  least 
some of these gaseous radionuclides w i l l  be required if the spent fuel i s  processed t o  con- 
vert i t  t o  an alternative disposal form in the once-through case or to  recover uranium and 
plutonium for  recycle. In the exanpte process of this Statement for  the once-through case 
(the packaging of intact spent fuel assemblies), i t  is anticipated that  no gaseous radionu- 
clide recovery will be required. This i s  because only small quantities are expected to  
escape from the fuel. 

Recovery of the gaseous radionucli des l4c. "~ r ,  and 12% ( b u t  not of 3 ~ )  is included 
in the example off-gas treatment process used in this Statement fo r  the reprocessing cycle. 
Most of this recovery takes place from the off-gas stream leaving the dissolver, since these 
radionuclides volat i l ize  when the U02 fuel is dissolved in n i t r i c  acid. Iodine recovery 
from the gas streams leaving the separations process equipment is also provided, since a 
significant fraction of the iodine m a y  remain in  t h e  dissolver solution and then volat i l ize  
1 ater. Figure 4.3.13 presents a flow diagram for  this gaseous radionuclide recovery system, 
The possible use of the voloxidation process t o  recover tritium i s  indicated also but, as 
mentioned previously, tritium recovery is not included in the example process of t h i s  
Statement. 

T r i t i u m  OH)  recovery i s  not included i n  t h i s  Statement because the technology is not 
believed to  have been suitably demonstrated as yet. In the example process, the tritium 
present in the W2 portion of the spent fuel is released to the atmosphere as water vapor. 
The bulk of t h f s  release occurs when the excess water i s  vaporized and discharged. 

Methods of tritiurll control have been studied. The voloxi dation process (Groenier 1977) 
has received the most development, b u t  other a1 ternati  ves have a1 so been exami ned (Burger 
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and Scheele 1978.). The voloxidation process involves oxidation of UO; to U308 at  4W0 to 
500.C i n  air. Essentially al l  of the tritium (plus portions of the other volatile radionu- 
clides) i s  released to the gas stream by thIs process. The released tritium i s  removed from 
the gas stream (as water) by a bed of adsorbent material. 

Although the example process i n  this Statement includes the recovery of three gaseous 
radionucli des, the study described i n  DOE/ET-0028 (Section 4.9) consi dered other possi- 

12gI bil i t ies as well. These included 1) no gaseous radionuclide recovery, 2) recovery of , 
3) recovery of 12'1 plus 14c, and 4) recovery of '*'I p lus  85~r. 

In the example process, iodine recovery i s  effected by adsorption on silver zeolite, 
carbon recovery i s  accomplished by adsorption (as carbon dioxide) on zeolite molecular 
sieves, and krypton i s  recovered by cryogerlic (very low temperature) distillation. Silver 
zeolite i s  a prepared by replacing sodium ions i n  a zeolite w i t h  silver ions. Zeolite mole- 
cular sieves are crystal line aluminosi licates having pores of uniform size that completely 
exclude molecules which are larger than the pore diameter, thus permitting selective adsorp- 
tion of those molecules that are smaller than the pore diameter. 

The example off-gas treatment system also includes f i l t rat ion for removal of particu- 
late material, absorption and catalytic destruction steps for the removal of the oxides of 
nitrogen, NO and NO2, and ruthenium removal. A small portion of the ruthenium may be con- 
verted to  a yolatile form during processing operations. The example system uses beds of 
si l ica gel to remove this  ruthenium before it reaches the processes used to recover the gas- 
eous radi onuclides. 

The ruthenium-loaded si l ica gel and the iodine-loaded silver zeol i t e  are ultimately 
disposed of i n  those f m s ;  the estimated generation rates are 0.046 55-gallon drums/Me-yr 
of the ruthenium waste (which requires remote handling) and 0.68 55-gallon drums/We-yr of 
the iodine waste. The carbon dioxide is desorbed from the molecular sieve and converted to 
solid calcium carbonate for disposal ; 0.19 55-gallon drums/Me-yr i s  the estimated quantity. 
The krypton-rich .product (80% krypton and 209! xenon) from cryogenic dist i  llation i s  col- 
lected in pressurized gas cylinders for storage; 2.8 cylinders/We-yr i s  the estimated 
quantity. These gas cylinders will require remote handling. 

Alternatives exist for all of the processes employed i n  the example gaseous radionu- 
clide recovery system. We do not mean to imply that the processes considered here are 
kcessarily the best, only t h a t  they are representative of currently available technology. 
Krypton and carbon could be recovered by fluorocarbon absorption and iodine could be 
recovered by different solid sorbents or by scrubbing w i t h  various aqueous solutions. These 
alternatives have been discussed elsewhere (ERDA 1976). 

4.3.5 Radionucl ide Releases Durinq Waste Treatment and Packasins 

Estimates have been developed of radionuclide release during waste treatment and pack- 
aging operations i n  both the once-through and the reprocessing cycles. These estimates are 
sumnarized i n  Appendix 10A of DOE/ET-0028 for the packaging of intact spent fuel i n  a spent 
fuel packaging faci l i ty  (SFPF) i n  the once-through cycle and for a variety of waste 



treatment options at an FRP and a t  a, MOX-FFP for the reprocessing cycle. Table 4.3.i con- 
tains a sumnary of the re1eases.estfmated for radionuclides of potential importance during 
the treatment processes selected for use i n  this Statement. These release estimates are 
given as the fraction of the quantity present i n  spent fuel that is released during the 
treatment and packaging operations. 

As mentioned earlier, tritium removal i s  not assumed in thf  s Statement because the 
technology has not been fully demonstrated. Should the voloxidation process described 
earlier be successfully developed and applied, the release of tritium could be reduced to a 
value only 1% (w less) as large as that listed here. 

A l l  of these releases to  the environment occur i n  gaseous or airborne waste streams. 
T here are no planned discharges of radionuclide-contaminated liquid streams from these 
facilities. 

4.3.6 Treated Uaste Quantities 

Table 4.3.2 contains a sumnary of the ranges of quantities o f  treated and packaged 
high-level, TRU,  and gaseous wastes that result from implementation of various options of 
the once-through or reprocessing cycles described i n  Sections 4.3.1 through 4.3.4. These 
quantities are given in terms of the number of waste packages rather t h a n  in ternis of the 
volume of waste because, for the mined geologic repository concepts used i n  this Statement, 
the repository area required for high-level waste i s  a function 'of the waste heat output 
while the area required for remotely handled TRU wastes i s  a function of the number o f  con- 
tainers rather than of .the volume of waste (see Section 5.3). The data for the packaging 
of intact fuel i n  the once-through case and for the packaging of the reprocessing wastes 
were taken from DOE/R-0028. The data for the packaging of processed spent fuel were taken 
fran 0NW1-39. 



TABLE 4.3.1. Estimated Radiunucl ide Releases Durf ng Waste Treatment and Packaging 

Release Cbring tmatmnt md Pukmlm~. Fraction of lhat  i n  Spent ~ v e l b )  
Fisslon Products r Actlnlaes k t l v a t l o n  Product 

Crclr 
s 

Waste c 8 t c ~ a r  E E E Y A L S r R u I L I C P ,  c u m b C Fe. CQ. Hf 

Om-Tkough Spent Fuel SFPF 2 a lo4 6 a 10" 1 a 10'12 1 a lo-'' 2 a 10" 4 a 10-l1 1 n lo-'' 0 0 0 6 rr lo4 1 a 

FaIled EquIpmt nd 
I ) o n c ~ t I b l e  Wnte FRP 2 x 1 0 ~ ~  0 2 10'15 2 10-l5 6 a log3 2 a 1 0 ' ~ ~  2 a lod5 2 a 10'l5 

tux-FFP o o o o o o o 2 a 10-l4 
CmbustIble Wntr md 
Utt Wntm FRP 2 a lod 0 6 a lo'17 3 a l0'ls 2 a lo3 6 a lo-'' 6 a lo'17 3 a 10'14 

MX-FFP 0 0 0 0 0 0 0 1 a lo4 

a QuntItIn w e n t  I n  spent fuel we l is ted i n  Tables 4.4.2 md 4.2.4. 
b Asswing reprocessing 1.5 yam dte reactor dischugr m6 fuel f&brfC8tlon m pr Irtu. 1 I 



TABLE 4.3 .2. Estimated Quariti ties of Packaged High-Level , TRU, .and Gaseous Uastes 

Pack ag es/GWe-yr 

Re rocessin Case 
Packaqed Waste Package Type F%j 

High-level 
Spent fuel . Canister 127 61 141 --- --- --- 
Sol idif ied Liquid Uaste Canister --- --- --- 3 5 27(c) 

Remotely Handled 
Fuel Residue Canister --- 12 2 9 9.1 3.7 9.1 
Failed Equipwent Canister --- 2 3 1.4 --- --. 

Drun --- --- --- 9.0 --- -.- 
Compressed 6as Canister --- 0.3 0.4 , --- --- -... 

Gas cyl i nder --- --- --- 2.8 0 2.8 
Other Canister --- 28 43 --- --- --. 

Drm --- --- --- 146 130 316 

Contact Handled 
Failed Equipnent Box --. --- --- 1.5 --- --. 
Other Drum --I 6.5 9.4 93 29 281 - - -  --- 

Total 127 110 226 298 190 653 

The example case described i n  Section 4.3.1.1. 
For the cases described i n  Sections 4.3.1.2 and 4.3.1.3. 

(c) for canister heat loadings of 1.2 to  3.2 kbl, assuning 6.5 years after reactor 
discharge. 
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4.4 WASTE STORAGE 

The treated and packaged wastes (Section 4.3) may have t o  be stored f o r  an in ter im 

period o f  time before they are f i n a l l y  placed i n  a repository. With sane wastes [e.g., 

spent f ue l  i n  the once-through case and high-level waste i n  the reprocessing cycle case), 

in ter im storage i s  desirable t o  allow many of the radionuclides t o  decay; t h i s  lowers the 

ra te  o f  heat generation and s impl i f ies  the f i n a l  disposal operations. With other wastes, 

there i s  no technical reason for storage p r i o r  t o  disposal, but storage may be required 

while awaiting a v a i l a b i l i t y  o f  a f i n a l  repository. With ye t  another type o f  waste (kryp- 
ton), a special f a c i l i t y  may be required t o  store the waste u n t i l  i t s  rad ioac t i v i t y  has 

decayed t o  a leve l  law enough 

Storage o f  spent f ue l  i s  

cycles. I n  both cases, an i n  

that  it can be released. 

4.4.1 -Spent Fuel Storage 

an in tegra l  p a r t  o f  both the once-through and the reprocessing 

c l i  des 

quent 

during 

i t i a l  storage period i s  aimed a t  allowing short- l fved radionu- 

t o  decay away; t h i s  resu l t s  i n  a lowered heat generation r a te  that  f a c i l i t a t e s  subse- 

handling operations and a1 so reduces the degree of radionuclide containment required ' 

I the processing operations. Unpackaged spent fuel has been stored i n  water basins i n  

the U.S. f o r  many years. The i n i t i a l  storage per iod was f i r s t  envisioned as las t ing  only 

about one year, after which the fuel would be reprocessed. However, because o f  defer ra l  o f  

reprocessing and the p o s s i b i l i t y  tha t  spent f ue l  may be sent t o  disposal without repro- 

cessing, and thus require storage u n t i l  a repos i tory  i s  available, the i n i t i a l  storage 

period may now l a s t  20 years o r  more. 

Even longer storage before disposal or reprocessing may be desirable or necessary. 

Thus, extended (up t o  100 years) storage of spent f u e l  has also been examined. Advantages 

include add it ional  reductions i n  the radionucl i de heat generation r a te  and t h e  continued 
a v a i l a b i l i t y  o f  the fue l  if the decision i s  made t o  reprocess spent fuel. 

The extended storage concepts examined here involve p r i o r  packaging o f  the fuel, as 

described i n  Section 4.3.1.1, although it could wel l  be tha t  water basin storage o f  unpack- 

aged f u e l  would be sat isfactory for t h i s  purpose also. Only i n t ac t  'spent f ue l  i s  consid- 

'ered here f o r  extended storage; i t  i s  assumed tha t  i f  spent f ue l  i s  t o  be processed t o  a 

d i f ferent  form f o r  disposal, the processing would not be done u n t i l  the time o f  disposal. 

Four storage modes f o r  packaged i n t a c t  spent f ue l  are described b r i e f l y  here along w i th  the 

water basin storage o f  unpackaged spent fuel. Nore detai led descriptions are presented i n  

DOE/ET-0028, Section 5. I 

klater basin storage i s  the only method considered i n  t h i s  Statement f o r  unpackaged 

spent fue l .  The four packaged fue l  storage concepts are described here t o  i l l u s t r a t e  the 

range o f  a l ternat ives available t o  reduce the already neg l ig ib le  impacts o f  spent fue l  stor-  

age t o  even lower values. - 



4.4.1.1 Water Basin Storage of Unpackaged Spent Fuel (Example Method) 

The storage of spent power reactor fuel i n  water basins i s  an established technology 
that has been used successfully for, over 20 years. Water basin storage has been employed 
at government-owned reactors and comnerci a1 light water reactors, fuel storage bad ns, and 
a fuel reprocessing plant. The water basin storage of unpackaged spent fuel at independent 
spent fuel storage faci l i t ies  and at stand-alone at-reactor basin faci l i t ies  i s  discussed 
i n  more detail i n  separate environmental impact statements (WEIEIS-0015 1980 and NUREG-0575 
1979). Water basin storage a t  independent spent' fuel storage faci l i t ies  was also examined 
i n  detail i n  DOEIET-0028. 

Spent fuel elements arrive a t  independent storage faci l i t ies  i n  shipping casks. The 
elements are removed from the casks and are placed in storage baskets (containers) that are 
designed to separate the fuel assemblies sufficiently to assure cr i t ica l i ty  safety. The 
baskets are then moved to pool storage positions. 

During water basin storage, the pool water serves both as a radiation shield and a heat 
transfer medium to remove the radionuclide decay heat. This heat i s  then dissipated to  the 
atmosphere via a cooling tower by means of a secondary (and separate) recirculating cooling 
system. The water qua1 i ty i n  the pool i s  maintained by fi l trat ion and ion exchange. 

Two independent water basin storage facil i t i e s  for unpackaged spent fuel are described 
i n  DOEIET-0028 (Section 5.7).. One faci l i ty  stores LWR fuel assemblies containing 3000 MHM 
(metric tons of heavy metal) i n  six pools (each w i t h  a storage capacity of 500 MTHM) and has 
the capability to receive andlor ship spent fuel a t  a rate of 1000 MFHWyr. The other 
faci l i ty  i s  similar b u t  i s  modified to receive spent fuel 'at a higher rate and route i t  to 
an.adjacent fuel packaging facility. This,modified facil i ty has the capacity to receive 
spent fuel at a rate of 2000 MMWyr and to store spent fuel containing 3050 MTHM. Other 
sizes are considered in DOEIEIS-0015. 

Radionuclide emissions during operation of such faci l i t ies  were estimated for receiving 
and shipping operations and for the storage condition. Table 4.4.1 contains these esti- 
mates. These radionuclide emissions occur r i a  the gaseous and airborne release route; no 
aqueous releases containing radionuclides are expected. 

4.4.1.2 Water Basin Storage of Packaged Spent Fuel 

The water basin storage of packaged spent fuel i s  similar to  that for unpackaged fuel 
except that the fuel elements are placed into stainless steel canisters before storage. 
Packaging of intact spent fuel. was discussed i n  Section 4.3.1.1. These canisters provide 
additional fuel protection, radionuclide containment barriers, and contamination control. 

The f acil i ty  for water basin -storage of packaged spent fuel (see DOE/ET-0028, Sec- 
tion 5.7.5) i s  somewhat different from that for storage of unpackaged fuel. Each packaged 
fuel pool i s  designed to store spent fuel containing 2000 MTHM. Tbe faci l i ty  is designed 
for modular expansion to a total of ten such pools for a storage capacity of 20,000 MT. 



TABLE 4.4.1. Estimated ~ad ionuc l ide  Releases During Water Basin Storage o f  Unpackaged 
Spent Fuel 

~ rac t i on (a )  Released During ~ rac t i on (a )  Released Each 
Fission Products Receivinq or  Shipping Year Dur ins  Storage 

I 
Cs 

A l l  Others 

Actinides ~ e ~ l i ~ i b l e  Negl ig ib le 

Act ivat ion Products 
C 3 x loo6 1 x 10-8 - 
A l l  Others 2 x 10'1° 2 x 10-l1 

(a) Fraction of a c t i v i t y  i n  spent f ue l  released t o  atmosphere. See 
Tables 4.2.2 and 4.2.4 f o r  the a c t i v i t y  i n  spent fuel. 

The radionuclide emissions from a f a c i l i t y  stor ing packaged f ue l  w i l l  be markedly lower 

than those f r a n  a f a c i l i t y  stor ing unpackaged fuel. The radionuclide emissions are assumed 
t o  be negl ig ib le .  since the containment o f  the fuel elements i n h igh- in tegr i ty  packages w i l l  
reduce the emissions by a t  least  several orders of magnitude below the already low releases 

resu l t i ng  from storage o f  unpackaged fuel .  

4.4.1.3 Air-Cooled Vault Storage o f  Packaged Spent Fuel 

Another a1 ternative f o r  extended storage o f  packaged f ue l  involves packaging i n  carbon 
steel  canisters and stor ing i n  heavily shielded, air-cooled concrete vaults. The conceptual 
f a c i l i t y  (see DOE/ET-0028, Section 5.7.6), i s  an ddaptation o f  a storage concept f o r  so l i d i -  

f i e d  high-level waste (ARHCO 1976). I n  t h i s  concept natural-draf t  a i r  .c i rcu la t ion i s  used 
t o  remove decay heat so that  no mechanical equipment i s  required fo r  heat removal. The 
spent f ue l  canisters are placed v e r t i c a l l y  w i th in  steel  sleeves i n  the vault; these sleeves 
increase the natural a i r  f low ve loc i ty  around the canisters and provide addi t ional  heat 
t ransfer area f o r  the a i r  coolant. A i r  enters a bottom plenum through side i n l e t s  i n  the 
structure, passes upward through annuli formed by the storage un i t s  and sleeves, and i s  dis- 

charged through an exhaust po r t  t o  the atmosphere. A i r  f low i s  induced by the decay heat o f  
the spent fue l  and the design o f  the vault. This concept has not been used f o r  f u e l  stor- 

age, but i s  based on established engineering pract ice and principles. 

Double containment o f  the radionuclides maintains radionuclide emissions a t  neg l ig ib le  
levels. Double containment i s  provided by s ingle encapsulation of unfai led f ue l  assemblies 
(cladding i s  one barr ier  and the canister i s  the second) and by double~encapsulation o f  

f a i l e d  f ue l  assemblies. A more conservative approach would be t o  doubly encapsulate a l l  o f  
the assemblies . 



The exhaust a i r  is monitored to provide early detection of emissions. If container 
failure is indicated, the contaminated air is diverted through an adjacent sand f i l t e r  by 
forced draft exhaust blowers. The failed package is removed t o  a fac i l i ty  for repackaging 
or overpacking. Package failure is expected to be rare or non-existent. 

Each sleeve contains either four PWR or nine BWR individually packaged fuel assemblies. 
The referenced design provides for 1120 sleeves per storage vault and for modular expansion 
up to  a total of ten vaults. Each vault would store spent fuel containing 2000 MTHH, for a 
total storage capacity of 20,000 MTHM. 

4.4.1.4 Dry Well Storage of Packaged Spent Fuel 

The concept of dry wells (also called dry caissons) for the storage of packaged spent 
UJR fuel is similar to  concepts already i n  use for  other reactor fuels in both the U.S. 
(Hamnond e t  al. 1971) and i n  Canada (Morrisen 1974). For the conceptual fac i l i ty  here (see 
WE/ET-0028, Section 5.7.7), the spent fuel is packaged i n  carbon steel canisters and placed 
i n  an underground steel- and concrete-lined caisson. The caisson is then closed w i t h  a con- 
crete plug. T h i s  concept relies upon the soil t o  conduct the decay heat from spent fuel to  
the earth's surface, where it i s  dissipated to the atmosphere. As i n  the other packaged 
fuel storage concepts, double containment is depended on to  maintain radionuclide releases 
at negligible levels. . . 

The caisson is designed so that its atmosphere may be monitored and sampled periodi- 
cally. Water run-off from the storage area will be collected and monitored (and decontami- 
nated, if necessary) before release. Pack age failure is considered a highly unlikely event; 
should it occur, the package is returned to the packaging f aci l i ty for  repackaging or 
overpacki ng. 

Each caisson provides a storage space of about 1 m i n  diameter by 5 m high and contains 
either three PWR or six BWR individually packaged fuel assemblies. The design provides for 
incremental expansion up to 15,800 caissons, which would store spent fuel containing 
20,000 MTHM. 

4.4.1.5 Surface cask Storage of Packaged Spent Fuel 

In the surface cask storage concept, packaged spent fuel is stored (outdoors) i n  a 
reinforced concrete radiation shield (cask). T h i s  corlcept has been extensively studied 
(ARHCO 1976) and is a straightforward application of existing technology. In the variation 
described (see DOE/O-0028, Section 5.7.8), spent fuel assemblies In carbon steel canisters 
are placed i n  vertical concrete casks lqcated outdoors on concrete pads. Heat is removed 
from the fuel by natural convection air flaw upward through the annulus between the cask and 
the fuel packages. 

As i n  the other packaged fuel storage concepts, double containment limits radionuclide - 
emissions to negligible levels. Monitoring capability is provided to  detect radionuclide 
leakage and also to detect increases i n  exit air  temperature, which would indicate blockage 



of ai r  ports. Failed packages would be returned t o  the packaging facil-ity for canister 
repair or replacement, as necessary; t h i s  i s  considered to be an improbable event. 

Each storage unit is about 3.3 m (10 f t )  i n  diameter and about 7.6 m (25 f t )  high. 
Each u n i t  provides a storage envelope of about 1 m i n  diameter by 5 rn high, and contains 
either four PWR or nine BMR Individually packaged fuel assemblies. A large number of stor- 
age units would be located at  b e  site; the referenced design provides for incremental 
expansion up to a total of 11,200 storage units, which would store spent fuel containing 
20,000 MTHM. 

4.4.2 High-Level Waste Storage 

In the reprocessing cycle case where! the fuel t o  be reprocessed has been out of the 
reactor only a few years, the storage of high-level waste either as a l iqu id  or a solid is 
desirable to  provide additional time for the heat generation rate to  decrease. Another 
potential reason for storage of high-level waste could be t o  bridge the (possible) gap 
between waste generation and repository availabil ity. The high-level waste could be stored 
as a l i qu fd  and then be solidified just before repository emplacement, or it could be 
solidified imnediately and then stored i n  that form until it could be placed i n  a reposi- 
tory, or I t  could be stored as a liquid for part of the time and as a solid for part of the 
t h e  (although the la t ter  case would doubtless be more expensive). 

Except for Inoderate volumes of surge storage i n  shielded processing facil i t ies,  the 
only method given serious consideration anywhere for interim storage of l iquid  high-level 
waste Is  storage i n  large underground tanks. Many methods, however, appear suitable for 
storage of high-level waste after it has been solidified. Solidified high-level waste pack- 
ages can be stored similarly to  spent fuel i n  water basins, i n  a i r  cooled vaults, i n  dry 
wells, and i n  casks stored on the surface (ERDA-76-43 1976). Additional details on the 
storage of l i qu id  high-level waste and of solidified high-level waste i n  water basins and 
i n  sealed casks can be found i n  DOEfET-0028 (Section 5). 

In the example waste management system considered i n  this Statement for the reproces- 
sing cycle case, spent fuel is reprocessed 1.5 years after discharge from the reactor. The 
resultant high-level l i q u i d  waste Is solidified immediately (except for a minimal surge 
storabe period) and the solidified high-level waste is stored for 5 years i n  a water basin 
a t  the reprocessing plant. When further storage is required pending repository availa- 
bit ity, the waste is stored in sealed casks. Certain other waste disposal concepts under 
consideration (i.e., rock melting and well injection) dispose of high level waste as a 
liquid. Implementation of one of these concepts may require substantial l iquid high-level 
waste storage facil i t ies.  

4.4.2.1 Tank Storage of Liquid High-Level blaste 

Storage of l i q u i d  high-level waste in large subsurf ace tanks has tieen practiced for 
over 30 years i n  several countries. Most of the U.S. experience has involved storage of 
government-produced defense program wastes; the tanks bui I t  in i t ia l ly  were single-wal led, 



but double-walled tanks  have been b u i l t  i n  recent years at both Hanford and Savannah River 
to  reduce the possibility of leakage of waste into the environment (DOE/EIS-0063 1980 and 
WE/EIS-0062 1980). The defense program wastes were neutralized before storage (by the 
addition of  hydroxides) and are stored i n  carbon steel tanks. The comnercial wastes pro- 
duced at the West Valley Plant i n  N e w  York are also stored i n  t h i s  way. More recent plans 
involve storage of acidic waste in stainless steel tanks. Such tanks have been b u i l t  (but 
m t  used) a t  the Barnwell Plant i n  South Carolina. The design concept here (see DOVET- 
0028, Section 5.1) is similar to that used at Barnwell. 

The tanks employ double containment, consisting of a primary stainless steel container 
w i t h i n  a stainless steel liner. Both containers are supported by and encased i n  a rein- 
forced concrete vault. The tanks in this design are 17 m (54 f t )  i n  diameter and 6 m 
(20 f t )  high and have a net storage volume of 1140 a3 (300,000 gal) w i t h  10% freeboard. 
Each such tank h a s  the capacity t o  store the concentrated high-level l i qu id  waste resulting 
from reprocessing spent fuel containing 2000 MTHM. Seven tanks are required to provide 
capacity for 5-yr storage of the high-level waste produced at a 2,000 MT fuel reprocessing 
plant (four tanks filled, one f i l l i n g ,  one emptying and one tank held as a spare). The 
radioactive decay heat i s  removed by cooling water, which passes through coils installed in 
the tanks; the heat i s  then dissipated via a cooling tower. The contents of the tank are 
continuously mixed by a i r l i f t  circulators and by ballast tanks that provide an intermittent 
flushing action. 

The tank off gases are treated to  remove any volatil ired iodine and particulate radio- 
nuclides that might be entrained i n  the gas stream. Estimated radionuclide emissions are 
given in Table 4.4.2. 

TABLE 4.4.2. Estimated Radionuclide Releases During Tank 
Storage of Liqu id  High-Level Waste 

Fission Products 
H 
Kr 
I 
Ru 
A l l  Others 

Actinides 

U 

Pu 
A l l  Others 

~raction(a) Released Each 
Year During Storage 

8 x 10'~ 
0 

5 
1 % 10-l2 
1 10-13 

(a) Fraction of activity i n  spent fuel 
released t o  atmosphere. See Table 4.2.P_ 
for the activity i n  spent fuel. 



4.4.2.2 Water Basin Storage o f  Sol id i f ied High-Level Waste (Example Method) 

Sol id i f ied high-level waste packages (described i n  Section 4.3.2) can be stored i n  
water basins i n  much the same manner as that described i n  Section 4.4.1.1 f o r  the water 
basin storage o f  spent fuel. I n  the f a c i l i t y  f o r  water basin storage o f  so l id i f ied  high- 
level -waste examined here (see DOEIET-0028, Sectlon 5 .4.l), the slngly encapsulated ( i n  
stainless steel) waste i s  received for  storage from an adjacent waste so l id i f i ca t ion  
fac i l i t y .  The waste canisters are stacked i n  double-tiered racks i n  water basins, each o f  
which i s  designed to  hold the waste from reprocessing spent fuel containing 1,500 MTHM. 
Each basin i s  equipped with a water pur i f icat ion system and a heat exchanger system t o  

remove the decay heat, which I s  dissipated t o  the atmosphere v ia  a cooling tower. Eight 
such basins are included i n  the f a c i l i t y  design. Radionuclide emissions estimated fo r  water 
basin storage o f  v i t r i f i e d  high-level waste are given i n  Table 4.4.3. 

4.4.2.3 Sealed Cask Storage o f  Sol idi f ied High-Level Waste 

The sealedi storage. cask concept f o r  extended storage o f  so l id i f ied  high-level waste 
involves encapsulating the waste canlster i n  a high-integrity, sealed metal storage cask and 
then placing the doubly encapsulated waste i n  a reinforced concrete radiat ion shield. The 
assembly i s  then placed on a base I n  a large outdoor storage yard. A i r  circulates by 
natural convection between the radiation shield and the sealed cask t o  remove the heat being 
generated by the waste. This concept has been studied extensively (ARHCO 1976). 

A f a c i l i t y  t o  implement t h i s  concept was designed t o  accomnodate 0.3 x 3 m waste canis- 

ters generating about 4.4 kV of decay heat (see DOEIET-0028, Section 5.4.2). 'The f a c i l i t y ' s  
i n i t i a l  capacity i s  2,000 canisters of waste; i t  can be expanded i n  2,000 canister modules 
t o  an ultimate capacity o f  20,000 canisters. 

TABLE 4.4.3. Estimated Radionuclide Releases During Water Basin 
Storage o f  V i t r i f i e d  High-Level Waste 

~ r a c t i o n ( d  Released Each 
Fission Products Year During Storage 

H 0 

I 0 
cs 2 10-13 
A l l  Others 2 10'14 

Actinides 
U 1 x 10-16 
Pu 1 x 10-16 
A1 1 Others 2 10-l4 

- 
(a) Fraction of ac t i v i t y  i n  spent fuel 

released to  atmosphere. See Table 4.2.4 
fo r  the ac t i v i t y  i n  spent fuel. 



The storage yard is monitored t o  detect any radionuclide leakage from the storage 
units. Radionuclide emissions are assumed t o  be negligible since leakage of the doubly 
encapsulated waste i s  believed t o  be highly improbable. Canisters tha t  do leak can be 
retrieved and repackaged. 

4.4.2.4 Other Solidified High-Level Waste Storage Concepts 

Solidified high-level waste could be stored in  an air-cooled vault f a c i l i t y  similar t o  
that described in Section 4.4.1.3 for the storage of spent fuel. In fact ,  the conceptual 
f a c i l i t y  for  spent fuel storage i s  an adaptation of a concept fo r  storage of solidified 
high-level waste (ARHCO 1976). Double containment of the radionuclides in the high-level 
waste could be provided by overpacking the primary canister. The desfgn for  a solidified 
waste f a c i l i t y  would be tailored to  the high-level waste canister s i ze  and heat generation 
rate. 

Dry well storage of solidified high-level waste could also be employed. This  would 
resemble the dry well storage of spent fuel described in Section 4.4.1.4. Well s ize and 
spacing would be different for  the solidified waste than for  the spent fuel, depending on 
waste canister size and heat generation rate. Double containment of the waste by overpack- 
ing the primary canister could also be util ized for  t h i s  storage concept. 

4.4.3 TRU Waste Storage 

The packages of treated TRU waste described in  Section 4.3.1 for  the once-through case 
and in Section 4.3.3 fo r  the reprocessing case could require storage f o r  an interim period 
before a repository i s  available. 

The packaged wastes are considered in one of two categories depending on the radiation 
level. Packages that have surf ace dose rates  no higher than 200 millirem/hr are "contact- 
handled," i .e., workers can handle them without extensi ve shielding. Packages w i t h  higher 
surface dose rates  require shielding and/or remote handling t o  protect operating personnel; 
these packages are "remotely handled." 

The TRU waste packages w i t h  the highest surface dose ra tes  are the canisters containing 
the fuel residues (the fuel hulls and hardware). Sane disassembled fai led equipment is also 
assumed t o  be packaged in identical canisters. Two alternative interim-storage f a c i l i t y  
concepts for  these canisters are described here (see also DOE/ET-0028, Section 5.2): vault 
storage and dry-well (near-surface) storage. The dry well concept is used as the example 
method i n  t h i s  Statement. 

Other remotely handled TRU wastes are packaged in s tee l  55-gal drums, Vault storage 
and dry well storage f ac i l i t y  concepts for  these wastes are described here (see also 
DOE/n-0028, Section 5.3). Vault storage i s  used as the example method in this Statement. 

The contact-handled wastes are packaged in s tee l  boxes or drumf. Unshielded indoor 
storage and outdoor surface storage f ac i l i t y  concepts are described for  these wastes. The 
outdoor surface storage concept i s  the example concept used in this Statement. 



Because o f  the lower radionuclide content and the i n teg r i t y  o f  the waste packages, no 
s ign i f icant  releases of radionuclides are anticipated from any o f  these conceptual TRU uaste 

storage fac i l i t i es .  However, effluents would be monitored t o  ver i f y  that  t h i s  i s  indeed 
true and t o  provide early detection o f  problems that  might arise. . 

4.4.3.1 Vault Storage o f  RH-TRU (Example Method f o r  D r m e d  RH-TRU) 

I n  the vault storage concept for remotely handled wastes, the waste i s  considered t o  

be packaged ei ther i n  special canisters (0.76 m d ia  x 3 m) or i n  55-gal drums. Vault stor- 
age i s  the example concept of t h i s  Statement for these 55-gal-drum-packaged wastes and an 

alternative concept f o r  these canistered wastes. 

The 55-gal drums that require remote handling are simply stacked i n  ce l l s  constructed 

o f  reinforced concrete. The drums are unloaded frm the shipping container and are placed 

i n  the storage ce l l s  by a crane usin; a kcuum-operated l i f t i n g  device. The design ca l l s  
for! each c e l l  t o  contain 500 drums; these are f ive layers o f  drums, 100 drums i n  eachi layer, 

and plywood sheets separate the layers. The basic storage module contains 40 such ce l l s  

holding a t o ta l  of 20,000 drums. Fac i l i t y  designs were evaluated for  storage both a t  an 
individual fuel reprocessing plant and at  an independent s i t e  serving a number of  reproces- 

sing plants. I .  

The vault storage concept for the canistered waste uses individual sleeves f o r  canister 

storage i n  concrete vaults, which provide radiat ion shielding. The canisters are handled 

with a remotely operated crane. They are lowered from shipping casks through a special 
transfer device i n t o  the storage space and a shielding plug i s  placed above the canister. 
Each storage space i s  a galvanized steel pipe (0.9 m i n  dia) wi th  a plate welded t o  the bot- 

tom and i s  suspended from the roof  slab o f  the vault. Natural a i r  c i rcu lat ion through the 
vault  provides canister cooling. The vault storage concept f o r  canisters i s  based on a 
modular design. Each c e l l  has a capacity o f  312 canisters. F a c i l i t y  designs were evalu- 
ated fo r  s i t i ng  both at  an individual fue l  reprocessing plant and at  an independent s i t e  

serving a number o f  reprocessing plants. 

4.4.3.2 Dry-Well Storage of RH-TRU (Example Method for Canistered RH-TRU) 

The dry-well storage concept, which i s  the example concept of t h i s  Statement f o r  the 
storage o f  canisters containing the fuel residue and some o f  the fa i l ed  equipment, involves . 

construction o f  storage spaces i n  an above-grade s o i l  structure (berm). The canisters are 
placed i n  individual storage spaces positfoned ve r t i ca l l y  i n  the berm, and the spaces are 

capped with steel and concrete plugs. The plug, canister, and shipping cask are handled 

remotely using a crane. Each storage space consists o f  a galvanized steel pipe sleeve 
(0.9 m i n  dia) with a plate welded t o  i t s  bottam and suspended from a slab; gravel i s  back- 
f i l l e d  around the outside o f  the pipe. Heat i s  removed by conduction through the s o i l  t o  

the atmosphere. The basic module designed f o r  the dry-well storage 07 canisters has two 

berms, each containing 1,248 storage spaces. 



A similar approach was examined as an alternative for  the storage of the waste packaged 
in 55-gal drums tha t  requires remote handling. In t h i s  instance 5 drums are stored in each 
caisson (0.66 m dia x 5.2 m deep). Most of the drums can be unloaded from the shipping 
container and placed in storage using only a shielded mobile yard crane tha t  has a vacuum 
l i f t i ng  device. Drums having high surface dose ra tes  are transferred t o  the caisson using 
a bottom loading cask. In this design, 504 storage spaces are provided in each module. 

4.4.3.3 Unshielded Indoor Storage of CH-TRU 

The packages of TRU waste that  can be contact-handled can be stored indoors in an 
unshielded fac i l i ty .  A conceptual f ac i l i t y  examined as an a1 ternative t o  outdoor storage 
consists of a precast concrete bu i ld ing  containing a number of individual storage cells.  
Drums (55-gal) are stacked six high in horizontal layers; plywood sheets are placed between 
the layers. Steel boxes are also used to  package such wastes; a storage box occupies the 
space of 12 drums. The boxes and drunk are handled by mobile cranes and by fork-l i f t  

, 

trucks. 

The basic module used in t h i s  design includes two cells,  each of which will store 
4,200 drums. When storage capacity beyond that provided by the basic module is required, 
an expanded version of the basic module is used or mu1 t ip les  of the basic module are 
employed. 

4.4.3.4 Outdoor Storage of CH-TRU (Example Method) 

Outdoor storage is the example concept of t h i s  Statement for  contact-handled TRU 
wastes. This approach is presently used at most government installations.  Several varia- 
t ions are i n  use, involving below-grade as well as above-grade techniques and differing 
amounts of weather protection. The most widely accepted method is to  place the waste pack- 
ages on some structural pad, and cover them f i r s t  w i t h  an impermeable membrane, and then 
w i t h  dirt. 

In this design the drums and boxes of waste are placed on an above-ground asphalt slab 
that  is contained within a temporary air-supported structure t o  a1 low operations t o  continue 
during inclement weather. The containers are arranged in horizontal layers; sheets of ply- 
wood are placed over each layer before the next layer is added. Handling of the containers 
is by mobile crane and by a drum grabber. As the storage area is f i l l ed ,  polyethylene 
sheets are placed over the stacked containers and the stack is covered w i t h  d i r t  t o  a depth 
of at  least  0.9 m. Once a storage area i s  completely f i l l ed  and covered w i t h  earth, the 
air-supported structure is removed, and the d i r t  cover i s  e i ther  seeded or covered w i t h  a 
bitumen layer. 

The basic storage module for th i s  concept has a storage capacity for  10,000 55-gal 
drums of waste. Capacity can be expanded by ei ther  using an expanded version of the basic 
module or by using multiples of the module. 



4.4.4 Krypton Storage 

The "Kr removed from the off-gas stream as described i n  Section 4.3.4.2 must also be 
stored. This gaseous radionuclide can be encapsulated and stored i n  pressurized gas cylin- 
ders. A1 ternative krypton encapsui ation techniques being investigated' include 1) zeolite 
encapsulation, where krypton is diffused into %rystal line cages" a t  high temperatures and 
pressures, and uhere escapi of the krqrpton is slow a t  low temperatures; 2) dissolution i n  a 
glass matrix, where krypton i s  trapped w i t h i n  a glass when it solidifies; and 3),entrapment of 
krypton i n  metal solids during high-rate sputtering. 

The krypton storage f aci 1 i ty  chosen for this Statement stores gas cylinders containing 
about 80% krypton and xenon. The radionuclide heat generation rate from such cylinders 
is appreciable and refrigerated a i r  cooling is provided. The surface dose rates of the cyl- 
inders are such that remote handling is required; this is provided by special transfer con- 
tainers and cranes. 

The storage plan for krypton differs from those fonthe  other wastes i n  an important 
respect. Since the half-life of " ~ r  i s  relatively short (10.7 yr), it i s  assumed that 
after storage for 50 years or so the 8 5 ~ r  can be released. In 50 years the amount of 8 5 ~ r  
remaining will be only 4% of the ini t ial  amount; after 60 years only 2% will remain, 

The krypton storage faci l i ty  (see DOE/ET-0028, Section 5.6) is located adjacent to a 
fuel reprocessing plant and i s  sized to handle the output of the plant during its lifetime. 
Separate storage cells, each holding 104 cylinders, are provided. The number of cel1,s is 
Increased every ten years to provide the necessary storage capacity; 14 cells are required 
for each ten years' output. The facil i ty also includes hot cel ls  for use i n  cylinder 
inspection and gas transfer (e.g., from a leaking cylinder to  a sound cylinder) operations. 

The gas cylinders are passed into the storage cell through ball valves and rest hori- 
zontally on shelves w i t h i n  the cell. Each storage cell contains five shelves and is pro- 
vided w i t h  a self-contained air circulation and heat removal system. These air  circulation 
systems are monitored to provide detection of leaks. If a minor leak is detected, the cyl- 
inder is  sent to the hot cell and the contents are transferred to a new cylinder. If a cyl- 
inder  suddenly ruptures, the cell atmosphere w i  11 be pumped to a holding tank where it  w i  11 
be sampled and then either returned to the fuel reprocessing plant or sent to the storage 
faci l i ty  stack for release. 

The normal release of "Kr from the storage facil i ty occurs i n  two ways: 1) the small 
leakages from a number of cylinders, and 2) the planned discharge of the krypton at  the com- 
pletion of the storage period. The former release is estimated to amount each year to  no 
more than 0.1% of the amount of 8 5 ~ r  present dur ing the year. The lat ter  release does not 
begin until completion of the planned storage period. For a 50-yr storage period, this 
release amounts to 4% of the amount ini t ial ly placed into storage, The planned storage 
period (and, thereby, the planned release) can 'be changed after storage has begun. - 
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4.5 W T E  TRANSPORT 

For the example once-through cycle, the waste transportation of  concern for this State- 
ment is the shipment of spent fuel. Other wastes would be non-TRU wastes that are not cov- 
ered i n  this Statement,  he spent fuel may be shipped directly from the nuclear parer 
plants to an encapsulation facil i ty located a t  the geologic repository site, or I t  may be 
shipped f i r s t  to an interim storage faci l i ty  and t h e n  t o  the encapsulation facility. 

For the reprocessing cycle, transportation is considered for spent fuel, solidified 
high-level waste, and TRU wastes. Spent fuel may be shipped from the reactors either to  
interim storage or directly to  reprocessing. Reprocessing plant and MOX fabrication plant 
waste packages may be shipped directly from the fuel ,reprocessing plants and from the mixed 
oxide fuel fabrication plants t o  the geologic repository, or they may be shipped f i r s t  to 
an interim storage faci l i ty  and then to  the geologic repository. 

, 
The transportation of these wastes is discussed briefly i n  the following sections. 

More detail i s  contained i n  Section 6 of DOEIEL0028, . ,  

4.5.1 Spent Fuel Transport 

Spent fuel has been shipped i n  the United States for many years. Massive, heavily 
shielded shipping caskq are available for both truck and rai l  transport of spent fuel from 
current-generation LWRs. Most spent fuel casks will accept either PWR or BWR spent fuel by 
using different fuel baskets; however, some are designed only for a particular fuel type. 
Table 4.5.1 gives information about casks that are currently available or licensed for spent 
fuel shipments i n  the U.S. More detailed information is contained i n  Sections 6.2.1 
and 6.2.2 of 00E/R-0028 and i n  Volume 2, Appendix C of DOVEIS-0015. 

TABLE 4.5.1 Available Shipping Casks for Current Generation LWR Spent Fuel 

WuLm 
lunber o f  Approximate Usual Heat 

Cask ksemblles Loaded Transport Shleldin Cavity Removal. llrmber 
Designation ~ J R  task YeiCt. WT w e  6 m a  2 u t m  coolant tY ~vailable(') 

IIFS-4 1 2  23 Truck Lead and Borated Water 
( m - 1 )  steel rstet md 

12 

HLI 1/2 1 2  22 Truck bad.  
uraniun ' 

and steel 

TN-8 3 36 Truck(b) Lead and 
steel 

TN-9 7 36 - t r u d b )  Lead md 
steel 

IF-100 7 18 63 Rail(c) Uraniun 
a d  steel 

NLI 10/24 10 24 88 Rat1 Lead md 
steel 

kcording t o  Ylnsor. Faletti .  and De Steese (1980). . 
'Overweight permit required. 
Truck shipment for short dfstances with overweight permit. 
licensed d r a y  heat load I s  62 kW. 
Licensed d r a y  heat load i s  70 kY. 

Water Hellun 11 

larated Air ' 36 
solfd 
resln 

lorated Air 25 
solid 
resin 

water and Water 
antifreeze 

Yater b l im 9 7 ( 4  



These existing casks were designed to transport short-cooled (6 months or less) irradi- 
ated fuel, consistent w i t h  the earlier expectation of rapid recycling of fissile materials, 
The current situation, however, indicates that most spent fuel transport will involve fuel 
that has been cooled for at least several years, Consequently, there appears to be consid- 
erable incentive to build a fleet of casks specifically designed for this long-cooled fuel 
because i t s  lower thermal and radiation output would permit an increase i n  cask capacity and 
a reduction i n  handling costs. Several cask fabricators have announced new cask construc- 
tion programs; some of these address the prospect of transporting long-cooled fuel. 

Existing cask designs are for the transportati& of unpackaged spent fuel. Transporta- 
tion of spent fuel that has been packaged i n  canisters (either as intact spent fuel or as 
treated spent fuel) will require some additional design mdificbtions. If existing casks 
or cask designs cannot be suitably modified, new cask designs may be required, 

Past experience indicates that an estimated six to eight years could be required to 
design, test, license, and then fabricate a fleet of newly designed casks. However, w i t h  a 

' licensed standard cask, a vendor could significantly shorten the length of time required to 
deliver a fleet of casks. The useful l i fe  of spent fuel shipping casks i s  estimated to be 
20 to 30 years. 

Several factors can influence the choice of rail or truck casks for use i n  the shfpment 
of spent fuel. Rail casks have a significantly larger payload than truck casks. About 
10 times as much fuel can be shipped i n  a rail cask w i t h  an increase in shielding weight of 
only about a factor of 4 over the amount required for a truck cask. On the other hand, 
truck shipments normally require less time for completion than rail shipments. About 50% 
of the reactors now operating in the U.S. or scheduled for completion by 1980 do not have 
rail spurs at the site. Many of these reactors w i t h o u t  rail spurs can be serviced by inter- 
modal (truck or rail) casks, which require overweight permits for shipment by truck t o  the 
nearest rail siding. 

In this Statement, it is  assumed that 90% of unpackaged spent fuel will be shipped from 
reactors by rail and 10% by truck. To accommodate the reactors w i t h o u t  rail access, half 
of the rail shipments are assumed to be i n  intermodal casks that allow truck shfpment for 
short distances. Shipments from interim storage to repositories or reprocessing are assumed 
to be 100% by rail. Any shipments of packaged spent fuel are assumed to be by rail using 
casks that can handle 7 PWR or 17 BWR packaged assemblies. Spent fuel i n  the once-through 
cycle is  assumed to cool at least five years before shipment. In the assumed reprocessing 
cycle, however, spent fuel (vhich is  not a waste i n  this cycle) can be shipped to a rspro- 
cessing plant after one year cooling. 

Transport of spent fuel by barge and by ship has also been considered. Barge transport 
is an alternative when both the nuclear power plant and the encapsulation or storage 
facility are on navigable waterways. Barge transport suggests high paiyloads and low tar- 
iffs. However, cost gains i n  these two areas could be offset by the longer transit times 
estimated for barge shipments. Should off shore ( f 1 oating) rmcl ear power plants be con- 
structed, barge transport is an obvious choice for the initial portion of the journey of the 



spent fuel to an encapsulation or storage facility. Casks for barge shipment of spent fuel 
muld probably be similar, if not identical, to those used for rai l  transport. 

Ship transport of spent fuel could be required if some of the alternatives to geologic 
disposal (e.g., island, subseabed, icesheet) described i n  Chapter 6 of this Statement are . 

implemented. Casks for spent fuel transport by ship would probably require adaptation or 
modification of existing design. The design would likely vary somewhat depending on the 
specific disposal concept, but  could be similar to those of existing casks. 

4.5.2 H i  gh-Level Waste Transport 

High-level waste transport is required i n  the example reprocessing tycle. Solidified 
high-level waste could be shipped i n  specially designed casks by truck, ra i l ,  barge, or 
ship, much the same as for spent fuel. Ship transport would be employed only if a disposal 
alternative involving transport across an ocean were implemented. Barge transport would 
likely be employed only if  both the repository and the fuel reprocessing plant were located 
on or very near navigable waterwqys. Rail transport would likely be preferred to truck 
transport because of the greater capacity of the rail casks. 

We assume i n  this Statement that all  transport of solidified high-level waste is by 
rail.  casks for such use have not been constructed b u t  some have been designed (Perona and 
Blaneke 1972, Peterson and Rhoads 1977). These designs provide for tracsport of multiple 
waste canisters i n  a single cask and incorporate many features of spent fuel cask designs. 

The rai l  cask chosen as the basis for this study is a lead-filled double-walled stain- 
less steel cylinder weighing about 100 MT (220,000 lb) (Peterson and Rhoads 1972). Neutron 
shielding is furnished by a water jacket that surrounds the cask body. The cask will dissi- 
pate up to 50 kW of  internally generated heat. High-level waste canisters are held i n  an 
aluminum insert that f i ts  into the cask cavity. Different inserts can acconmodate nine 
0.30-111 dia (12-in.), thirteen 0.25-111 dia (10-in.), twenty 0.20-m dia, or thirty-six 0.15-m 
dia (6-in.) waste canisters. Each of these configurations transports the same quantity of  
waste. Thus, regardless of the canister heat generation limit imposed by disposal con- 
straints, the required number of shipments does not vary. 

The cask is transported on a special six-axle rai l  car. The gross shipping weight of 
the loaded cask and ra i l  car is about 350 MT (330,000 lb). Casks used for sh ip  transport, 
i n  the event this is required by the choice of a disposal alternative, would require adapta- 
tion or modification of existing design. 

4.5.3 'TRU Waste Transport 

Transport of TRU wastes is also required i n  the reprocessing cycle. These wastes are 
considered here i n  two categories: 1) fuel residues, which we assume to  be'packaged i n  spe- 
cial canisters; and 2) other solid wastes, uhich we assume to  be packaged i n  steel drums or 
boxes (except for a small quantity i n  special canisters). Only truck and rai l  transport are 
considered. 



4.5.3.1 Fuel Residue Transport 

Fuel residues (spent fuel hulls and hardware) are assumed in t h i s  Statement t o  be pack- 
aged in special stainless steel canisters (Section 4.3.3.1). Casks for  transport of such 
canisters have not been b u i l t ,  but it is reasonable t o  assume tha t  the design and construc- 
t ion of such casks present no new problems. 

Fuel residue casks may be shipped by r a i l  04 truck. Because r a i l  casks could have a 
greater capacity and'because both reprocessing plants and repositories will have r a i l  ser- 
vice, we assume in this Statement that  a l l  fuel residue shipments are by rai l .  For planning 
purposes a r a i l  cask has been postulated'that would transport three canisters. The concep- 
tual cask is a lead-filled, double-walled stainless s teel  cylinder weighing about 45 MT 
(140,000 lb). An inser t  would position the three canisters inside the cask cavity and would 
act  as a heat conduction path from the waste canisters to  the inner surface of the cavity 
wall. Neither cooling f ins  nor neutron shielding are required. 

A truck cask that would transport one fuel residue canister has also been postulated 
for comparison purposes. This conceptual truck cask i s  assumed t o  be a lead-filled, double- 
walled stainless s teel  cylinder weighing abart 20 MT (43,000 lb). 

4.5.3.2 Other TRU Waste Transport 

Other TRU wastes t o  be transported are the packages resulting from the treatment and 
packaging operations for fai led equipment and other ~ i s c e l l a n e w s  TRU wastes (described in  
Sections 4.3.3.2 through 4.3.3.4). These packages are mainly s teel  drums and steel boxes, 
b u t  special canisters l ike those used for fuel residue are used in this Statement f o r  a por- 
tion of the failed equipment. We assume tha t  a l l  of these packages require shipment in 
casks or overpacks tha t  meet Type B packaging standards, even though it is likely tha t  some 
could contain a small enough quantity of radioactivity t o  permit the i r  shipment in Type A 
packages. Typical Type A packaging includes s teel  drums, wooden boxes, and s teel  boxes tha t  
prevent loss or dispersal of radioactive contents and retain radioactive shielding if 

required when subjected to stresses associated w i t h  normal transport. Type B packaging 
must meet these standards, b u t  also must be able to  survive a series of hypothetical 
accident t e s t  conditions. 

Shipments of these wastes could be made by truck or rai l .  We assume here that  most of 
these shipments will be by truck. The special canisters containing some of the fai led 
equipment are transported by r a i l  along w i t h  the fuel residue waste. 

Drums and boxes tha t  have surf ace dose rates  below 200 mR/hr and can be contact-handled 
are assumed t o  be transported in a Super ~ i g e r p  A Super Tiger is a doublewalled steel 
box w i t h  a fire-resistant polyurethane foam f i l l e r  for  shock and thermal insulation. Three 
pallets, each containing twelve 55-gal drums or three s teel  boxes (1.2 x 1.2 x 1.8 m), can 
be accommodated in a Super Tiger. The maximum payload is about 14 M' (30,000 lb), and the 
empty weight i s  6.8 MT (15,000 lb). Super Tigeri can be carried by ei ther  truck or ra i l .  

B ~ e ~ i s t e r e d  Trademark of Protective Packaging, a subsidiary of Nuclear Engineering 
Company. 



Drums that have surface dose rates i n  the range 200 mR/hr to 1 RIhr require remote han- 
dling and are assumed here to  be transported i n  a shielded van that meets Type B package 
standards or i n  a Super Tiger-type overpack that incorporates some shielding even though 
such packages are not currently available or designed. Drums that have surface dose rates 
i n  the range 1 to 10 Rhr are assumed here to be transported i n  casks having an equivalent 
shield thickness of 5 cm lead + 2 an steel; a capacity of 14 drums per cask is assumed. 
Drums w i t h  surface dose rates above 10 R/hr are assumed to be transported i n  casks w i t h  an 
equivalent' shield thickness of 10 an lead + 2.5 an steel; a capacity of six drums per cask 
is assumed for planning purposes. 
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4.6 DECOMMISSIONING OF RETIRED FACILITIES 

Portions of fuel cycle faci l i t ies become contaminated w i t h  radionuclides during their 
use. Upon retirement these facil i t ies becane a waste that must be managed. Management of 
this waste i s  comnonly termed decomnissioning. Various alternatives are available for 
decmissioning retired fuel cycle faci l i t ies,  as discussed i n  #)E/El'-0028, Section 8.0. 
Much of this information was extrapolated from results of detailed studies of the techno- 
logy, safety, and costs of decmissioning nuclear fac i l i t ies  that have been performed at 
PNL for the NRC (see Schwider and Jenkins 1977, Smith e t  al, 1978, Smith and Polentz 1978, 
Jenkins et, al. 1979). LII this Statement we assume that dismantlement is required and have 
chosen one of two basic decomnissioning modes: either immediate dismantlement, or safe 
storage with def e rkd  dismantlement. 

In immedi ate dismantlement, all  radioactive contamination above regulatory limits is 
removed from the facil i ty to an approved disposal or storage s i t e  shortly after the faci l i ty 
is s h u t  down. Depending on further uses of the 'site, noncontaminated portions of the 
faci l i ty remaining after dismantlement may be demolished md removed or they may be used for 
other purposes. 

In safe s t o r a ~ a  w i t h  deferred dismantlement, the faci l i ty is prepared at  shutdown t o  
be lef t  i n  place for an extended time before it is dismantled. The purpose of this  defer- 
ment is to allaw some of the radionucli des t o  decay so that radiation exposure during the 
decomnissioning will be reduced. Consideration has been given to  both passive safe storage 
and hardened safe storage methods. These methods differ i n  the strength and complexity of 
the barriers installed and i n  the amount of maintenance and surveillance required during 
the time of deferment. This time period is termed the continuing care period. 

Among the techniques used i n  decommissioning ." are chemical decontamination, mechanical 
decontamination, equipment deactivation and removal, and isolation of contaminated areas. 
Chemical decontamination is often carried out during the i n i  ti a1 stages of a decomnissioning 
operation to reduce rhdiation levels and remove re1 at ively mobile contamination. Decontami- 
nation solutions may include corrosive acids, complexants, detergents, and high-pressure 

'water or steam. These l iquids  are generally concentrated by evaporation, and the concen- 
trated waste is then immobilized for disposal or. storage. 

Mechanical decontamination is required to remove residual radioacti ve contamination 
from structural surf aces. These activities are minimal when the facil i ty i s  being prepared 
for safe storage but  are extensive during dismantlement. Contaminated steel structural com- 
ponents or liners may be renioved by sectioning i n  place w i t h  plasma torches, arc saws, or 
explosives. Contaminated concrete can be removed w i t h  explosives, by drilling and rock- 
s p l i t t i n g ,  or by jackhamnering. 

Equipment deactivation is done during preparation for safe storage and equipment i s  
removed at the time of dismantlement. Deactivation involves removing bulk  quantities of 
process materials or other hazardous substances, closing valves or installing blank 



flanges, and disconnecting electricity and other ut i l i t ies.  Steel equipment can be sec- 
tioned ( i f  necessary) and removed using cutting torches, ' saws, and/or explosive cutting 
techniques. 

Isolation of contaminated areas 13 required for safe storage. Airtight barriers are 
constructed around contaminated areas (existing facil  i ty structures form most of the bar- 
r ier)  and existing penetrations into contaminated areas are sealed off. HEPA-filtered vents 
may be installed to  accomnodate changes i n  a i r  pressure caused by temperature fluctuations. 
The barriers constructed for hardened' safe storage typically are more substantial and 
require less maintenance during the continuing care period than the barriers constructed for 
passive safe storage. 

This  Statement addresses decomnissioning only of the fuel cycle fac i l i t ies  subsequent 
to  the nuclear power plants and decorrmissioning waste t r e h e n t  of only the TRU wastes. A l l  

of the decomnissioning wastes from the example once-through fuel cycle and a portion of 
those from the reprocessing fuel c x l e  are expected t o  be non-TRU wastes. 

The fuel cycle fac i l i t ies  examined i n  detail i n  this Statement include the away-from- 
reactor storage faci l i t ies  (AfRs) i n  the once-through c x l e  and fuel reprocessing plants 
(FRPs) and the mixed-oxide fuel fabrication f aci l i t ies ( MOX-FFPs) i n  the fuel reprocessing 
cycle. Interim waste storage f a t i l i t i e s  other than AFRs also require decornnissioning, b u t  

this Statement does not consider their decomnissioning i n  detail. Estimates of costs for 
decomnissioning these other waste storage faci l i t ies  are included i n total waste management 
costs but other effects are too small to  make a significant contribution to total impacts. 

Imnediate dismantlement is the example decomnissioning method selected here for  the 
MR. All of the wastes are expected to be non-TRU waste. 

For decomnissioning an FRP, we assume a 30-yr period of passive safe storage before 
dismantlement as the example method. Both TRU and non-TRU wastes are expected to result, 
b u t  only the TRU portion i s  considered for disposal here. Most of the combustible and wet 
wastes generated during the safe storage period are treated ' w i t h  the installed waste treat- 
ment equipment, and the packaged wastes are stored i n  the faci l i ty u n t i l  i t  is dismantled. 
The wastes generated hear the end of the safe storage period, after the waste treatment 
f s i l i t i e s  have been s h u t  down, are packaged and shipped offsi te  to a treatment fac i l i ty  
before being sent to disposal or storage, as are those wastes generated during the 30-yr 
continuing care perf od. The noncombustible wastes generated during dismantlement are pack- 
aged without treatment and shipped to  disposal or storage. 

Because of the law levels of gamna radiation, inedia te  dismantlement is the decomnis- 
sioning method assumed here for a MOX-FF P. All of the radioactive wastes resulting from 
these operations are assumed to  be TRU wastes. All wet wastes and most combustible wastes 
are assumed to  be treated w i t h  the existing onsite waste treatment equipment. The combus- 
t ible waste generated after the' onsite waste treatment fac i l i t ies  have been s h u t  down is 
packa$ed and shippedt offsite for treatnient prior to disposal or storage. The noncombust- 
ible waste and the treated wet and combustible wastes are packaged and shipped to  disposal 
or storage. 



A1 ternative decmiss ioni  ng methods involving hardened safe storage were a1 so examined 
f o r  the three fac i l i t ies .  A continuing care period o f  about 100 years was considered fo r  
an AFR, while periods o f  about 1000 years were considered fo r  the FRP and the MOX-FFP. The 

1000-year storage period was used t o  provide a conservative upper bound to  the envfronmental 
effects from t h i s  act iv i ty.  A proposed EPA waste storage c r i te r ion  would l i m i t  the safe 
storage period t o  about 100 years. 

More deta i l  on the wastes result ing from the decomnissioning o f  these f a c i l i t i e s  i s  
contained i n  00E/ET-0028 (Section 8.0 and Section 10--Appendix A). Estimated quantit ies 
and radionucli de content o f  the untreated wastes from the example decomnissioning processes 
are given i n  Table 4.6.1. The quantit ies are markedly lower than those presented ear l ier  
(Table 4.2.3) f o r  the wastes result ing f run operation o f  these fac i l i t i es .  The radionuclide 
content i s  also much lower. Quantit ies o f  packaged waste result ing from treatment o f  the 
decomnissioning wastes are l i s ted  i n  Table 4.6.2. 

The radi onuclide releases estimated t o  occur during the decommissioning steps and dur- 
ing the TRU-decomni ssi oning waste treatment operations are presented i n  Table 4.6.3. Except 
f o r  the water from the fuel  storage basins at an AFR, no release o f  radioactive l iqufds i s  
planned. The water from the storage basins a t  the FRP i s  vaporized fo r  discharge (using an 
exist ing vaporizer), as i s  the water present i n  the decontamination solutions. 



TABLE 4.6.1. Volumes and Radionuclide Content of TRU Wastes Result ing from Decorrmissioning o f  Reprocessing Cycle F a c i l i t i e s  

Radlonuclide Content, ~ l / ~ W e - y r ( ~ )  
Volume, Flssion Products Act lnldes 

Waste Category Faci 1 i ty m3/6We-yr lUcs Total A l l  239~u 241~u 241~m Total A l l  

Noncombustible Waste FRB 1.4 4.7~10'~ 7 . 5 ~  10" 2.4 7.4 x 10'~ 4.0 x 10" 1 x 1 6.4 x 10" 
(Equipment and MOX-FFP 1.5 ----- ---- ---- 2.4 x 10" 6.0 x lo1 1.9 

Structural Material) 
6.5 x lo1 . 

Cornpactable and Com- 
bustible Waste 

Trash FRP 0.15 4.8 x lom4 7.6 x 10'~ 2.4 x lom3 8.4 x 10'~ 4.6 x 10'~ 1.3 x 10'~ 7.2 w 10'~ 
MOX-FFP 0.06 ---- ---- ---- 6.1 1.5 4.9 x 10'~ 1.7 P 

F i  1 ters FRP 0.25 1.2 x 10-I 1.9 x 10-I 6.1 x lod 5.2 x loo3 2.8 x lod 8.0 x 4.4 x 10-I 8 
MOX-RP 0.02 ---.- ---- -.-- 2.2 x 10" 5.6 x 10' 1.8 6.1 x lo1 

Concentrated Liquids, FRP 0.15 7.9~10'~ 1.3~10-I 4.0x10-~ 1.4~10.~ 7.6x10-~ 2.2~10.~ 1.2~10'~ 
Wet Wastes, and Par- wx-Rp 0.19 
t iculate Solids 

---- ---- ---- - 9.0~10'~ 2.2x101 7,1x10'~ 2,4x1o1 

Total 3.7 6.7~10" 1.1 3.4 5.7 x loo1 1,4 x lo2 4.7 "1.5 x lo2 

(a) A t  the time of assumed dirsantlement (30 years after shutdown for the RIP and at the time of  shutdown for the WCL-FFP), based on 
, W years of. f a c i l i t y  operation before deconwisslonlng. 



TABLE 4.6.2 Estimated Quantities of Packaged TRU-Decomnissioning Wastes 

Waste Cateqory Faci 1 i ty Package lype(') ~ackages/~~e-yr(~) 
Noncombustible Waste FRP Box 0.028 
(Equipment and Structural Drum (55-gal) 6 .O 
Materials) MOX-FFP Box 0.094 

Drum (55-gal) 5 -4 

HEPA Filters FRP Drum (80-gal) 2.2 
MOX-FF P Drum (80-gal) 0.14 

Other FRP Drum (55-gal) 1.2 
MOX-FFP Drum (55-gal) 0.63 

(a) All packages are anticipated to have surface dose rates below 200 mR/hr, and 
can thus be contact-handled. 

(b) Based on 30 years of facility operation before decomnissioning. 



. TABLE 4.6.3. Radionucl ides Released on Example Deconmissioning o f  F a c i l i t i e s  

Radionucl ide  ele ease(^) Radionucl ide Release 
Radionucl ide   ele ease(^) a t  FRP, C i  a t  POOX-FFP, C i  a t  AFR, C i  

Safe TRU Waste(b) TRU Waste To 
Fission Products Storage Dismantlement Treatment Dismantlement Treatment Water Bodies Atmosphere (a) 

!%r 8.Ox1o4 2 . 5 ~ 1 0 ~  7 .8x10-~O --.. ---- 3.6 x loJ 7.2 x lo3 
l o 6 ~ u  1.6 x lo4 ---- 1.6 x ---- ---- 8 . 0 ~ 1 0 ' ~  1 . 6 ~ 1 0 - "  
129~ 6.3 x 10-l1 4.2 x 10-11 6.3 x ---- ..-_ ---- ---- 
W 4 ~ s  1.3 x loo3 5 . 6 ~ 1 0 ' ~  2 . 1 ~ 1 0 ' ~ ~  ---- ---- 2.1 x 4.1 x loo8 
W 7 ~ s  2.3 x lo-3 4.0 x lo4 1.2 x 10" ---- _.__ 2.2 10-I 4.3 10-7 
144~e 1.7 x lo4 ----- 1.6 x -.-- ..-- 1 . 5 ~ 1 0 ' ~  3 . 0 x 1 0 - ~ ~  . 

Total A l l  Fission 
Products 7.3 10-3 1.3 x lo-3 5.1 x loo9 

Actinides 

241h 

242c, 
244~m 

Total A l l  Actinides 

~ c t i v a t i b n  Products 

5 5 ~ e  

@co 

Total A l l  
Act ivat ion 
Products 

(a) Released from the f a c i l i t y  exhaust stack. 
(b) Based on the radionuclide content a t  the time o f  shutdown. 
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ENVIRONMENTAL IMPACTS OF PREDISPOSAL OPERATIONS 

Impacts of predisposal operations , including constructi on and decmi ssi oning of waste 
management facilities and transport casks, operation of waste management facilities, and 
transportation of spent fuel and reprocessing wastes, are described here. Impacts consid- 
ered include 1 and, water and resource use, socioeconomic impacts, and radiological effects. 

I 

The sources of. this information are DOE/ET-0028 and DOE/ET-0029, which m a y  be consulted for 
details. 

The operation01 impacts discussed here are based on routine operattons. Accidents and 
their impacts are discussed in Section 4.8. Source terms for routine releases of radioac- 
tive effluents do, however, include releases from minor accidents at reference facilities. 

4.7.1 Environmental Impacts Related to hedi sposal 
Operations for the Once-Through Fuel Cycle 

The predisposal operations in the example once-through fuel cycle of this Statement 
include: 1) initial storage of unpackaged spent fuel i n  water basins either at the reactors 
or i n  away-from-reactor storage facilities (AFRs), 2 )  transportation of spent fuel to the 
disposal si te (and between storage sites, if necessary), and 3) packaging of the spent fuel. 
An additional operation, extended storage of packaged spent fuel, i s  also evaluated for pos- 
sible use i n  case there is a long delay i n  repository availability; The impacts of con- 
structing, operating, and decmissioning these facilities are covered i n  this 
section. 

The impacts of the fuel packaging facilities are included w i t h  those of the AFRs i n  
this section, as i n  DOE/ET-0029, even though the example case for this Statement assumes 
that the fuel packaging facilities are located at the disposal sites. Fuel packaging facil- 
i t ies migh t  also be located at the extended storage facilities, if such storage is  imple- 
mented. The fuel packaging facility impacts would be essentially the same at any of the 
three 1 ocations. 

These predisposal operations assume that the spent fuel will be disposed i n  a mined 
geologic repository within the continental U S .  The use of a1 ternative disposal concepts 
could a1 ter the number and type of predisposal facilities required. The use of a concept 
involving disposal outside the continental U.S. (i.e., island, subseabed, or ice sheet dis- 
posal) requires the use of additional transportation facilities (i.e., ships and docking 
facilities) and possible additional storage facilities. Use of the space disposal, rock 
melting, or well injection concepts requires the use of processing plants to obtain suitable 
waste forms. Impacts of such processing plants would be similar t o  those of a fuel repro- 
cessing plant i n  the reprocessing cycle case. 

4.7.1.1 Resource Cmitments for Once-Through Fuel Cycle Waste Management 

Land use comnitments for a 3000 MTHM AFR with  a fuel packaging f%ility are about 
40 ha, of which 14 ha will be cleared for construction. 



5 3 Llater use will be 6 x lo4 d during construction and 2.5 x 10 m per year during 
operation. As long as water can be supplied from rivers such as the reference R River 
(Appendix F), water use should represent a small fraction (%0.001) of the average river 
flow, and no significant impact will result  from its withdrawal. Si te  selection should 
avoid adverse effects on aquatic.systems and other downstream uses of water. 

Other resource cmitments  during construction and operation of an AFR are presented i n  
Table 4.7.1. Resource comnitments for fabrication and use of spent fuel shipping casks are 
presented i n  Table 4.7.2. 

Resource conmitments during decomnissioning consist mainly o f  steel ,  e lectr ici ty ,  and 
diesel fuel. Total comnitments of these resources during decmissioning will be small 
fractions of construction conmitments. 

TABLE 4.7.1. Resource Conmitments for Construction and Operation 
of an Example AFR 

Materials 
Construction operation( a) 

*Concrete, m 3 2.3 x lo4 --- 
Steel, MT 1.1 lo4 --- 
Stainless Steel, MT 6.1 x lo3 --- 
Copper, Mi 2.7 x 10' --- 

3 Lumber, m 1.3 x lo3 -- - 
Energy 

3 Propane, m 5.7 x lo2 --- 
Diesel Fuel, m 3 5.7 lo3 --- 
Gasoline, m 3 3.8 x lo3 -- - 
E l a  t r ic i ty ,  kWh 2.8 x lo6 7.8 x lo8 
Manpower, man-yr 2 . 5 ~  lo3 ,  2.4 x lo3 

(a) Based on operation for 30 years. 

TABLE 4.7.2. Resource Commitments for  rication and Use of 
Spent Fuel Shipping Casks I$ 

Resource M T / C ~ ~  (d /km) per Shipnent 

Stainless Steel 26 -- 
Lead 65 . -- 
Depleted Uranium ' 5  -- 
Diesel Fuel -- 0.0016 

(a) For an I1average" cask for t rain transport of spent 
fuel, which has a spent fuel capacity of about 
4 MMM. - 



4.7.1.2 Nonradiological Effluents of Once-Through Fuel Cycle Waste Management 

Nonradiol ogical effluents from AFR construction include dust  and pollutants from 
machinery operation. Burning the quantities of fossi l  fuels l isted i n  Table 4.7.1 also 
results i n  a i r  pollution emissions, bu t  concentrations i n  a i r  a t  the fenceline from con- 
struction and operation are not expected t o  degrade a i r  quality beyond applicable limits 
(40 CFR 50). 

The major nonradiological effluent fran operation of an AFR is the release of about 
5 x 10' MJ/yr of heat through the cooling tower. These thermal releases are not expected t o  
have any significant effects, nor any measurable micraneteorological effects. Predicted 
nonradiological effluent a i r  concentrations from AFR operations will be considerably below 
applicable Federal a i r  quality standards or naturally occurring gaseous concentrations. 

Nonradiol ogical eff 1 uents from deconissi oning will be comparable t o  eff 1 uents during 
construction of  the AFR and are not' expected to  resul t  i n  any degradation of  a i r  qua1 ity. 

4.7.1.3 Radioloqical Effects of Once-Throuqh Fuel Cycle Waste Management 

During planned operation of an AFR, the only exposure pathway to  man is via airborne 
effluents; there are no planned releases of radioactivity t o  ground or water. During decom- 
missioning, i t  is assumed that  the purified pool water and the contained radionuclides are 
released to  the local wcter bodies, 'however. A sumnary of the 70-year total body doses t o  
the work force and the regional population during operation and decommissioning of an 
example AFR is given in Table 4.7.3. 

In th is  Statement, 100 t o  800 health effects are postulated t o  result  in the exposed 
population per million man-rw. Based on calculated doses t o  the work force, 0 t o  3 health 
effects are expected over a 70-year period as a resul t  of operation of one 3000 MTHM M R .  

The regional population dose estimated here i s  a few hundred times lower than that  
estimated elsewhere for simil ar facfl  i t i e s  (DOE/EIS-0015, Appendix B). This difference 
results mainly from the extra conservatism used in the other study. Both studies indicate 
that the doses t o  the regional population expected t o  resul t  from AFR operation are very 
small i n  comparison t o  the doses t o  the same people during the same time period from natur- 
al ly occurring sources. 

TABLE 4 -7.3. Doses Resulting From Operation and Decmissi  oning 
I of an AFR 

70-Y ear Whole-Body Dose, man-rem 
Operation Decommissionins 

Regional Popu1.ation 1 . 4 ( ~ )  9.8 x 10 l ( a )  
Work Force 3.6 x lo3 7.0 x 10' 

(a) The dose t o  the population from natura l y  occurrtng sources f during the same period i s  about 1 x 10 man-rem. 



No slgnif icant releases of radioactive material are expected during transportation of 
spent fuel under normal operating ~circumstances. However, members of the transport work 
force and of the population along the shipping route will receive dose from the direct 
radiation from the shipments. The dose for each 4 MTHM rai l  shipnent i s  estimated to  be 
7.8 x man-rem/km to the regional population and 5 x 10.~ man-rem/km to the transport 
work f ace .  For each 0.4 MTHM truck shipment, the doses are estimated to  be 2.2 x l o 6  man- 
rem/bn to the regional population and 5 x man-rem/km to the transport work f a c e .  F a  
a 1,600-km shipnent distance, the dose to  the population for a rai l  shipment is 0.012 man- 
remlshlpment. For  comparison, the estimated dose to  the same population from naturally 
occurring sources i s  230 man-rem/dqy. 

4.7.1.4 Ecological Effects of  Once-Through Fuel Cycle Waste Manaqement 

Construction of an example AFR will remove about 10 ha from i t s  present assumed use for 
agriculture and wildlife for the l i f e  of the plant. While this change i n  land use will 
reduce i t s  u t i l i ty  k habitat for wildlife, no significant ecolopical impacts to the regron 
are expected. Disturbance of animals from fugitive dust, noise, and human activities during 
construction will be confined mainly to  the 405-ha AFR restricted area. Erosion from 
run-off mqy deposit s i l t  i n  nearby surface waters unless drainage i s  controlled by proper 
ditching, grading, and s i l t  catchment. After construction i s  completed and vegetation i s  
reestablished or surfacing is completed i n  the disturbed areas, the erosion problem will be 
reduced or eliminated. 

The maximum concentrations of airborne particulates, sulfur dioxide, and carbon monox- 
ide will occur within the 405-ha AFR restricted area. Particulate concentrations a t  the 
s i t e  during construction and decmissioning are estimated to be w i t h i n  Federal ambient a i r  
standards. Levels of carbon monoxide and hydrocarbons calculated to  be found are only a 
mall  fraction of the existing rural air  concentrations near the reference site. Concentra- 
tions of the other materials are less than applicable standards. Consequently, no measur- 
able detrimental effects on the terrestrial ecosystem are anticipated. 

During operation of the RR, the release of about 5 x lo8 MJ/yr of waste heat i s  not 
expected t o  have any ecological impact. No significant effects are expected as a result 
of discharging the cooling tower blwdown to the local water bodies. - 

Particulates and gases released to  the atmosphere from canbustion of fossil fuels dur- 
ing  normal transport operation are not expected to be of ecological significance. 

4.7.1.5 Socioeconomic Impacts of Once-Through Fuel Cycle Waste Management 

Socioeconomic impacts associated w i t h  construthion and operation of. an away-from- 
reactor storage facil i ty depend largely on the number of persons who move into the county 
i n  which the facil i ty will be located. Because of this, estimates were made af the size of  
the local population influx and their needs for locally provided smial  services. 



The expected socioeconomic impacts of an AFR on reference s i tes  located i n  the South- 
east and Midwest U.S. are judged to  be insignificant. The total number of estimated new 
in-migrants equals only about l!4 of the existing population i n  both the construction and 
operation phases. In addition, there are.no very large transitions over time and the 
expected number of in-migrants increases steadily over the l i f e  of the project. 

The effect of the project is substantially different i n  the reference Southwest site. 
The number of in-migrants estimated mounts t o  about 9% b the existing population during 
construction and about 6% during operation. This  'decline i n  population influx from con- 
struction t o  operations of about one-third sets  the stage for a born and bust type of effect 
i n  the Southwest site. 

Trans1 ating estimated project-re1 ated in-migration into socioeconomic impacts is cow 
plex and imprecise. Estimates of the level of deraand that wf 11 be placed on the comnunity 
t o  provide social services t o  the new workers and their  fanilies were made by applying a se t  
of factors (Appendix 6) t o  the project in-migration values. The product of these factors 
indicates how many u n i t s  of each social service would be .expectedn by the in-migrants. The 
significance of the impacts is prfrnarily related t o  the capacity of the s i t e  county t o  meet 
these expectations. The calculated level of  expected social services a t  the three reference 
s i tes  is given for the year 2000 i n  Table 4.7.4. 

TABLE 4.7.4. Selected Social Service Demands Associated w i t h  In-Migration 
Related to a 3000 MTHM AFR 

Expected Demand i n  the Year 2000 
Southeast Midwest Southwest 

Site Site Site 

Health 
Physicians 
Nurses 
Dentists 
Hospital beds 
Nursing care beds 

Education 
Teachers. 
Classroom space; m2 (9-12 ) 

Sanitation, d/day ' 
Water treatment 
Liqu id  waste 

Safety 
Firemen 
Policemen 

Recreation, ha 
Neighborhood parks 

Government 
Actmfnistrative staff 



4.7.2 Environmental Impacts Re1 ated to  Predisposal Operations for the 
Reprocessing Fuel Cycle 

Waste treatment operations required i n  the reprocessing fuel cycle were discussed in 
Sections 4.3.2 through 4.3.5 for fuel reprocessing plants (FRPs) and mixed-oxide fuel f abri- 
cation pl ants (MOX-FF Ps) . Potent i a1 waste storage requirements were discussed i n  Sec- 
tions 4.4.2 through 4.4.4. In this section we w i l l  sumnarize the environmental effects of 
these waste management operations. T he effects will be sumnarized for three different 
reference facilities: 1) a 2000 MTHMIyr FRP, 2 )  a 400 MTHMIyr MOX-FFP, and 3) a retriev- 
able waste storage faci l i ty  (REF) that has capacity to store all the high-level and TRU 
wastes from FRPs and MOX-FFPs during the passage of 45,000 KWM through the fuel cycle. An 
RVSF will be necessary only if reprocessing is hi t ia ted significantly before a repository 
i s  available. 

The environmental effects of waste treatment, storage, and transportation are sumnarized 
here for the example concepts defined i n  Sections 4.3, 4.4 and 4.5 for the reprocessing fuel 
cycle. The environmental effects of a1 ternat ive concepts were a1 so examined i n  DOEIET-0029; 
only i n  the off-gas case, where the results are significantly different fran those of the 
example concepts, are the a1 ternatives discussed here. 

The use of other than  deep geologic repositories for disposal of the high-level waste 
could alter the number and type of waste management facil i t ies required. A S  I n  the once- 
through cycle, additional transportation f a ~ i l ~ i t i e s  such as ships and docking facilf t ies 
would be required for disposal by the island, subseabed, or ice sheet disposal concepts. 
Use of' the rock me1 t i n g  or uell injection concepts to dispose of liquid waste would eliml- 
nate the need for high-level waste solidification and solidified high-level waste storage 
faci l i t ies  bu t  would probably require the addi tion of substantial l i q u i d  high-level waste 
storage f acil ities. Use of the space disposal concept would require additional chemical 
processing faci l i t ies  and, perhaps, the addition of substantial liquid high-level waste 
storage facilities. 

4.7.2 .1 Resource Cmitments i n  Reprocessing Fuel Cycle Waste Management 

Land use cmitments for waste management faci l i t ies  a t  the reference FRP are about 
19 ha compared to 60 ha for the production facilities. A t  the reference MOX-FFP, the waste 
management facil i t ies occupy about 0.3 ha of the 6 ha required for the production 
facil ities. An RWSF of the reference size would requlre 170 ha for buildings and storage 
areas. 

Water used during construction of waste management facil i t ies amounts to about 
5 3 5 3 1.4 x 10 m , 5.9 x lo3 n? and 3.1 x 10 m , f a  the FRP, MOX-FFP, and RUSF, respectively. 

If these quantities of water are withdrawn over 'the period of construction from a river such 
as R River, as described i n  the reference environment, the impact on downstream uses will 
be insignificant. - 

Resources c m i  tted for construction and operation of the waste management f acil i t ies  
are sumnarized in Table 4.7.5. Resources for construction and use of waste shipping . a' 

r'. 



TABLE 4.7.5. Resource Cmitments fo r  Construction and Operation of Reprocessing Fuel Cycle Waste Management Foci li t ies  

Waste Mgmt. Fac i l i t ies  
a t  Example FRP 

operat ion( a) 
Material 

Construction 

3 Concrete, m 7.8 x lo4  
Cement, MT 
Steel, MT 1.8 x lo4  
Stainless Steel, MT 
Copper, MT 2.0 x 102 
~uniber, m3 5.1 x lo3 
Plywood, m2 

Energy and U t i l i t i e s  
propane, nlf 1.3 x lo3 
Diesel Fuel, d 1.2 lo4  
Gasoline, n? 8.7 x lo3 
Electr ic i ty,  kwh 6.4 x lo6 

3 ' Water consumed, o 1.4 x lo5 
Manpower, man-yr 4.0 x 103 

(a) Based on operation for 30 years. 

Waste Mgmt. Fac i l i t ies  
a t  Example WOX-FFP 

operation( a) Construction 

3.0 x lo3 

6.6 x lo2 

6.9 
1.8 x lo2 

4.1 x 10' 
4.2 x lo2 .  
3.2 x lo2 
2.8 105 
5.9 103 

1.9 x lo2  

Example RWSF 
Construction operat ion( a) 



containers are given in Table 4.7.6. These resource commitments are mall i n  comparison 
w i t h  those of the FRP and MOX-FFP production f aci 1 i t ies  and i n  an absolute sense are not - 

expected to  have a significant impact on available supplies of these materials or energy 
sources. Energy and materials required for decomnissioning do not add significantly to 
the quantities of resources required for construction. 

4.7.2.2 Honradiolw ical Effluents of Reprocessing Fuel Cycle Waste Management 

Nonradioactive pollutants released to  the atmosphere during construction of the FRP and 
HOX-FFP waste management facil i t ies and the RWSF result from the combustion of fuel i n  con- 
struction vehicles and machinery, fugitive dust  fran ground-clearing operations, and parti- 
cul ates f ran concrete batch operations. 

Off s i  t e  concentrations of carbon monoxide, hydrocarbons, and particulates resulting 
fran construction force traffic and construction equipment emissions are projected to be 
less than Federal umbient a i r  qua1 i t y  standards. (Onsi te  concentrations of particulates a t  
the FRP and MOX-FFP construction sites were found to exceed the a i r  quality standards; t h i s  
w i l l  occur primarily as a result of construction of FRP and MOX-FFP production faci l i t ies  
and i s  a normal situation a t  sites of heavy construction.) Evaluation of sulfur dioxide and 
nitrogen oxide emissions indicates no signif icant effects. 

The release of about 1 x 10' MJ of waste heat per year from the example FRP waste man- 
agement faci l i t ies  I s  comparable to  the release of heat frun a small city or town 
(30,000 persons) and i s  not expected to  produce any significant effect on the environment. 

Predicted concentrations of pollutants i n  a i r  from waste management operations wi1 1 be 
a small fraction of Federal air  quality standards, threshold 1 i m i  t value concentrations 

TABLE 4.7.6. Resource Comnitments for Construction and Use of  Waste Shipping Containers 

Shipping container 
High-level waste 
cask 

Fuel residue cask 

6-drum cask 

14-drm cask 

Shielded overpack 

Uns h i  el ded overpack 

Construction, MT/cask Diesel Fuel Use$ per 
Example Capacity Stainless Steel L ead Shipment, /km 

Solidified KY 
from 27 MTHM 

3 fuel residue 
canisters (resi- 
due fran 12 MTHM) 

Six 55-gal drums 

Fourteen %-gal 
drums 

Thirty-six %-gal 
drums 

Thirty-six 55-gal 
drums (or equiva- 
lent volume of 
boxes ) 



(those t o  which nearly a l l  workers may be repeatedly exposed without adverse effect), and 
natural 1y occurring gaseous concentrations. Consequently, no detrimental effects are 
anticipated. 

Water withdrawn from the R ~ i v e r  f o r  waste management f a c i l i t y  operation i s  not 
expected to  have adverse effects on local water supplies. 

4.7.2.3 Radiological Effects o f  Riprocessing Fuel Cycle Waste Management 

During planned operation o f  the waste management f aci l i t i e s ,  the only exposure pathway 

t o  man i s  v ia  airborne effluents; there are no planned releases t o  the ground o r  water. For 
transportation o f  radioactive wastes under normal circumstances, no radioactive materials 
w i l l  be released v ia  any pathway. However, individuals w i l l  receive doses from the d i rect  
radiation from passing r a i l  and truck shipments. 

A summary of  the 70-year whole-body doses t o  the regional population f o r  the individual 

waste management ac t i v i t i es  a t  the example f a c i l i t i e s  i s  given i n  Table 4.7.7. 

.Ninety percent o f  the 70-year whole-body dose t o  the regional population from waste 
management operations results from releases from the off-gas system at the FRP. The example 
system, which p a r t i a l l y  col lects vo la t i l i zed ruthenium, iodine, carbon and krypton, resul ts 

i n  a 70-year whole-body dose t o  the regional population of 8300 man-rem. Should carbon and 
krypton be t o t a l l y  released, the dose would be increased t o  9900 man-rem, while no treat-  

ment, i.e., release o f  vo la t i  l i zed ruthenium, iodine, carbon and krypton would increase the 

whole-body doie t o  1.6 x lo4 .an-re. and resu l t  i n  a thyroid.dose of 1 x lo6 man-rem. The 
annual thyroid dose t o  the maximum individual from FRP off-gas effluents without treatment 
would be 0.16 rem compared t o  0.002 rem with treatment. Use of the example system provides 
reasonable assurance that  85~r  and '''1 releases per gigawatt-year w i l l  be wi th in  l i m i t s  
specified i n  40 CFR 190. 

* 

The example krypton col lect ion and storage system reduces the worldwide 70-year t o t a l  
body dose due t o  85~r from 2.4 x 10' man-rem to  3.6 x lo4 man-rem per FRP. Thus 2.0 x 10' 

man-rem o f  exposum i s  saved by concentrating and storing krypton. The present worth do l lar  
cost of this" savings i s  estimated t o  be $230 mil l ion; the cost per man-rem saved i s  thus 
approximately $1200. I f  krypton here t o t a l l y  released during reprocessing, the number o f  
health effects expected to  resu l t  from the 85~r  radiat ion would be 24 t o  190 per FRP. 

Implementation o f  the example krypton col lect ion and storage system would reduce the 

expected number o f  health effects to  4 t o  29 per FRP. This reduction o f  from 20 to  160- 
health effects may be compared t o  an estimated 60 disabling in ju r ies  and about 1 death per 
FRP resul t ing from construction of the krypton col lect ion and storage f ac i l i t i e s .  

The 70-year whole-body dose t o  the worldwide population f o r  the example treatment pro- 

cesses a t  one FRP and one MOX-FFP i s  2 x 10' man-rem, which i s  less than 10" of the pose 
due t o  natural ly occurring sources during the same 70-year period. 

No signi f icant releases o f  radioactive material are expected during transportation o f  

the packaged wastes under normal operating circumstances. However, nmbers of the transport 
work force and of the population along the shipping route w i l l  receive dose from the d i rect  

radiation frcm the shipments. These doses to  the regional population are estimated t o  be 



4.85 

T ~ L E  4.7.7. Dose to Regional Population Due t o  Operation o f  an .FRP and a MX-FFP 

Hicrh-Level Hastes . 

Treatment-vi tr i f  icat ion and encapsulation 
Storage--water basin 

TRU Wastes 
Treatment 
Fuel residue--package without com action e Fai led equipment and noncombust i b e waste--package 

af ter  decontamimation and disassembly o f  fa i l ed  
equipment as required. 

' FRP 
MOX-FFP 

Canbusti ble and compactable waste--incineration 
FRP contact-handled 
FRP remotely handled 
mx-FFP 

Wet wastes and part icuiate solids--cementation 
FRP 
MOX-FFP 

m s i d u e - - d r y  well 
Other remotely handled-vault , 

Contact-handled--outdoor surface . . 

thole-Body (a) 
Dose, man-rem 

Gaseous and Airborne Wastes 
Treatment 

kRP--fi 1 t e r  and remove Ru, I. C, and Kr 
MOX-FFP--fi 1 t e r  

Stora e 
*ypton at  FRP site(b) 

TOTAL 

(a) The whole-body dose received by the same population over the 7 -year S comnitment period due t o  natural ly occurring sources f s  1 x 10 man-rem. 
(b) The dose due t o  operation o f  the krypton storage f a c i l i t y  i s  an 80-year 

comnitment which includes 30 years o f  col lect ion plus 50 years o f  reten- 
t i on  before release. 

3.7 x man-remlkm per shipment of  so l i d i f i ed  HLW or f ue l  residue and 1.1 x 10'~ man- 
rem/km per shipment o f  other TRU wastes. The doses t o  the transport work force are 
estimated t o  be 5 x 10'~ man-rem/km per shipment o f  so l i d i f i ed  HLW or fue l  residue and 
5 x 10'~ man-rem/km per shipment o f  other TRU wastes. Shipments o f  HLW and fue l  residue 

are assumed t o  be by r a i l  and those o f  the other TRU wastes are assumed t o  be by truck. 

Table 4.7.8 presents additional 70-year whole-body dose data. Included here are es t i -  

mates o f  the doses t o  the work force as well. as to the regional population and also the 
doses during transportation o f  the high-level and TRU wastes generated during the l i fet imes 

o f  the f ac i l i t i e s .  

Doses t o  the work force and the regional population during decomnbsioning w i l l  be 10% 
o f  the 70-year to ta l  body dose resul t ing fram operation o f  the f ac i l i t i e s ,  assuming a safe 

storage period o f  30 ,years before dismantlement o f  the FRP. 



TABLE 4.7.8. Example essing Cycle Waste Management Operations a t  Individual 

70-Year Who1 e-Body Dose (man-rem) to: 

Work Force Regional Population ( b) 

FRP Waste Management Faci 1 i t ies  14,000 9,200 
MOX-FFP Waste Management Fac i l i t i es  2,700 0.0014 

RWSF 3,600 0.001 

Waste Transportation 7,200 140 
27,500 9,300 

(a) 30-year operation i n  each case. 
(b) The dose t o  the regional population from natural ly occurring sources 

i s  about 1 x 107 man-rem. 

I n  t h i s  Statement, 100 t o  800 health effects.are postulated t o  occur i n  the exposed 
population per m i l l i on  man-rem (see Appendix E). On that  basis, the 70-year t o t a l  body 
doses t o  the regional population and the work force. l i s t e d  i n  Tabla 4.7.8, suggest that  the 
number of  health effects expected t o  occur as a resu l t  of waste management operations at  one 
FRP and one WX-FFP (plus transportation o f  wastes t o  the disposal f a c i l i t y )  would be 2 t o  
20 health ef fects  t o  the work force and 1 t o  8 health effects t o  the regional populatfon. 
On t h i s  same basis, the regional population dose o f  10 m i l l i on  man-rem received from natur- 

a l l y  occurring sources over the same 70 years suggests that  1,000 t o  8,000 health e f f k t s  
would occur from. these natural ly occurring sources. 

4.7.2.4 Ecological Effects o f  Reprocessing Fuel Cycle Waste Management 

Construction o f  waste management f a c i l i t i e s  w i l l  remove, f o r  the l i f e  o f  the plants, 

about 19 ha from i t s  present use f o r  agri cul ture and w i l d l i f e  a t  the reference FRP site, and 

&cut 0.3 ha a t  the reference MOX-FFP site. While t h i s  change i n  land use w i l l  eliminate 
i t s  u t i l i t y  as habitat  f o r  wi ld l i fe ,  no signif icant ecological impacts t o  the regions as a 
whole are expected. ~ i s t u r b a m e  of  anhals  from fugi t ive dust, noise, and human ac t i v i t i es  
during construction w i l l  be confined mainly t o  the rest r ic ted areas (2400 ha f o r  the FRP and 

400 ha for the MOX). Erosion caused by run-off may deposit s i l t  i n  nearby surface waters 
unless drainage i s  controlled by proper ditching, grading, and , s i l t  catchment, A f t e r  con- 
struct ion i s  completed and vegetation i s  reestablished or surfacing i s  completed i n  the dis- 

turbed areas, t h i s  erosion problem w i l l  be reduced. 

Calculated carbon monoxide and hydrocarbon levels caused by construction o f  the waste 

management f a c i l i t i e s  are only a small f ract ion o f  the exist ing r u r a l  a i r  concentrations 
near the reference sites. Particulate concentrations are estimated t o  exceed Federal ambi- 

ent a i r  standards only on the construction site. Concentrations o f  the other materi a ls  are 
be1 ow acceptable standards. Consequently, no measurable detrimental ef fects on the o f f  s i t e  
t e r res t r i a l  ecosystem are anticipated. . - 

The release of heat during operation o f  the waste management f a c i l i t i e s  i s  expected t o  

have no ecological impact. No perceptible impacts t o  the r i v e r  ecosystem are foreseen from 



discharges of cooling tower blowdown. With proper intake structure design and placement i n  

the river, the loss of aquatic organisms through intake screen impingement and entrainment 
in the cooling water is expected t o  have no significant impact on the river ecosystem. 

Since the concentration of air pollutants resulting from operation of the waste manage- 
ment facilities is  several orders of magnitude lower than those allowed by the air  quality 
standards, no impacts to the terrestrial ecosystem are expected. No toxic effects to native 
plant species i n  the environment are expected during the l ife of the facilities or during 
decomnissioning. 

Sane particulates and gases will be released to the atmosphere from combustion of fos- 
s i l  fuels during normal transport operations; however, these releases are expected to be of 
no ecological significance. 

4.7.2.5 Soc ioeconomic Impacts of ~eprocessing Fuel Cycle Waste Management 

Socioeconomic impacts associated w i t h  waste management f a c i l i t i p  depend largely on the 
numbers of persons who move into the county i n  which the facilities will be located. To 
analyze socioeconanic impacts, therefore, the size of the population influx and the needs 
for local social servids were estimated. 

The number of in-migrants, resulting from construction and operation of waste management 
facilities i s  estimated to be large enough to have a significant socioeconomic impact only 
i n  the reference Southwest location for the FRP waste management facilities and the RWSF. 
In these two cases, the number of in-migrants amounts to about 8% of the existing population 
during construction and abart 4% during operation. These facilities at  the reference South- 
east and Midwest sites are estimated to give population increases of 1% or less. The FIOX- 
FFP uaste management facilities are estimated to give population increases of 0.1% or less 
at  each of the three reference sites. 

The trans1 ation of estimated projec t-related in-migration into soc ioeconomic impacts 
is  complex and imprecise. Estimates of the level of demand that w i l l  be placed on the cm- 
munity to provide social services to the new workers and their families were made by spply- 
ing  a set of factors (Appendix 6) to the project in-migration values. The product of these 
factors indicates how many units of each social service would be "expected" by the 
in-migrants. The severity or significance of these impacts is  primarily related to the 
capacity of the site county t o  meet these expectations. The calculated level of expected 
social services at the three sites i n  different areas of the U.S. i s  given for the year 2000 
i n  Table 4.7.9. 

The most significant demands arise for the Southwest si te where an adequate labor pool 
is  not expected to exist. However, the social service demands are small compared to those 
for the FRP and MOX-FFP production facilities. 



TABLE 4.7.9. Selected ~ o c i  a i  Service Demands Associ ated with In-Nigration Re1 ated t o  
Waste Management Fac i l i t i es  a t  an FRP, a MOX-FFP, and an RWSF 

Expected Demand i n  the Year 2000 
Southwest S i te  Midwest Si te Southwest S i te  
FRP - - R - F F w  - - - m p  MOX-FFP RWSF - - 

Personnel 
Physicians, 
Nurses, Dentists 1 0 1 4 0 2 10 0 8 

Teachers 3 0 2 6 0 4 37 1 28 
Firemen, 
Pol i cemen 1 0 0 1 0 1 ' 8  0 6 

6ov8t  Admin. 0 0 0 1 0 0 3 0 2 

Services 
Water Treat- 
ment, m3/day 150 7 100 290 17 180 1620 - 23 1250 

Liquid Waste, 

m3/dw 100 4 70 190 11 120 1080 15 840 

Fac i l i t i es  

Hospital and 
Nursing ~ed; 2 0 1 6  0 4 16 0 12 

C l  assrow space, 
n? (9-12) 420 20 270 8tB 50 530 4480 70 3390 

Neighborhood 
Parks, ha 0 0 0 0 0 0 1 0 2 
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4.8 ACCIDENT IMPACTS FOR PREDI-SPOSAL OPERATIONS 

The environmental impacts of accidents that occur during operation of predisposal sys- 
tems for both the once-through c s l e  and for the reprocessing cycle are described i n  this 
section. Potential accidents for the predisposal functions of treatment and/or packaging, 
transport, and storage are discussed here for both csles .  

The environmental impacts of accidents described i n  this section are representative of 
impacts from all  postulated predisposal accidents. Using a methodology of accident identi- 
fication and classification that included an umbrella source tern, we selected the largest 
source term i n  classified release categories for environmental impact analysis. Results of 
this analysis are sumnarized here. Umbrella source terms are a conservative representation 
of releases that result from other accidents i n  their release category. A description of 
the methodology used to develop and select umbrella source terms for impact analysis is 
given i n  Section 3.2.7. Unless specified otherwise, the maximum-exposed individual i n  the 
follwing discussion is considered t o  be a member of the general public, not a radiation 
worker. Accident -impacts are generally greater to the public than t o  the workers. 

4.8.1 Accident Impacts for the Once-Through Cycle 

This section describes the impacts of postulated accidents for handling spent fuel 
u n t i l  i t  i s  placed i n  the disposal facility. Operational and long-term accident impacts 
fran spent fuel disposal are discussed i n  Sections 5.5 and 5.6. 

tlhile extended storage of packaged spent fuel is  not included i n  the example case, it 
may be desired if the operation of the disposal facility is  delayed longer than is now 
expected. Therefore, analysis of accident impacts of packaged spent fuel storage are 
included as a contingency. 

4.8.1.1 Radiological Impacts from Spent Fuel Transportation Accidents 

Safety during transport of radioactive material depends primarily on shipping contain- 
ers. Shipping containers must meet standards established by the Department of Transpor- 
tati on and the Nuclear Regulatory Commission. Containers holding significant amounts of 
radioactive material must prevent loss or dispersal of radioactive contents, retain shield- 
ing efficiency, ensure nuclear critical ity safety, and provide adequate heat dissipation 
under normal conditions of transport and under specified (hypothetical) accident damage test 
conditions (49 CFR 173.398). Improbable accidents that exceed the severity of hypothetical 
tests, accidents caused by equipment failures and accidents that are less severe than the 
test conditions were considered i n  this analysis to demonstrate the range of potential 
occurrences in a transportation environment. Impacts of these accidents are sumnarized 
below. 

Recent regulations for the shipment of spent fuel require that a11 shipments of spent 
fuel be escorted i n  transit; while severe accidents involving thismaterial are s t i l l  pos- 
sible, the chances of occurrence will be reduced with this required increased surveillance. 
Chances of a period of no action by emergency response personnel following an accident, 



which i s  postulated to resu l t  i n  large releases of radioactive materihl, may be substan- 

t i a l l y  reduced w i th  these addit ional transportation personnel. Thus, i f  a severe accident 

does occur, consequences mqy be p a r t i a l l y  mit igated compared t o  the severe accidents 
described here. 

Truck and r a i l  transport of spent fuel are both expected t o  be used i n  the once-through 

f ue l  cycle. Descriptions of the systems considered i n  the analysis along w i th  detai led 
accident descriptions are reported i n  DOE/ET-0028. Dose calculat ions f o r  postulated acci- 

dents are reported i n  DOE/ET-0029. Accident frequency estimates c i t e d  i n  t h i s  section are 
based on an assum@ 250a6GJe nuclear industry. 

The impacts examined i n  DOEIET-0028 and ~ ) E / E T - W ~ ~  were developed assuming unpackaged 

short-cooled (6 months out of the reactor) spent fuel. T'hese impacts are thus much more 
severe than those from accidents involv ing long-cooled fuel. They also do not take i n t o  

account the mi t igat ion o f  impact that  i s  l i k e l y  t o  r esu l t  from the new escort ing regulations. 

Simi lar  accidents are also plausible f o r  packaged spent f ue l  i f  transportation i s  

required fol lowing packaging. However, since packaging provides an addi t ional  ba r r ie r  t o  
release of nuclides i n  transportation o f  spent fuel, the releases would be smaller and more 

infrequent than for unpackaged spent fuel. For t h i s  reason, spec i f ic  accidents f o r  packaged 
spent fuel transport are not  discussed but can be assumed t o  cause lesser impact than 

unpackaged spent fuel transport. 

Six accidents f o r  truck transport o f  spent f ue l  were analyzed: three minor, two moder- 

ate, and one severe. The minor accidents involved rol lovers, co l l i s i ons  and the undetected 
leakage of coolant. Only coolant leakage was expected t o  release radioact ive material and 
could r e s u l t  i n  a 70-yr accumulated dose t o  the maximum-exposed indiv idual  o f  3 x 10'~ rem 

a t  an expected frequency o f  approximately twice per year. 

The moderate accident giv ing the largest release o f  radioact ive material i s  a f i r e  
that  activated a pressure r e l i e f  valve on the cask. A 70-yr accumulated dose o f  
8 x rem t o  the maximum-exposed indiv!dual would occur a t  an estimated frequency o f  

about once every 50 .years. 

The severe accident culminating i n  a long-lasting f i r e  resu l t s  i n  a 70-yr accumulated 

dose t o  the maximum-exposed indiv idual  o f  10 rem. The estimated frequency f o r  t h i s  accident 
i s  about once every 50,000 years. 

Eight accidents f o r  r a i l  transport of spent f ue l  were analyzed: three minor, three 

moderate and two severe. Two minor accidents involved derailments and 30-minute f i res ;  no 

release occurred. The t h i r d  minor accident involved undetected leakage o f  cask coolant. 
This accident could occur up t o  twice per year and resu l t  i n  a 70-yr accumulated dose of 
2 x lod rem t o  the maximum-expored individual. 

The moderate accidents involved cask impacts, f i r e - i  nduced cask venting, and fa i lu res  

i n  the mechanical cooling system as a r e s u l t  o f  accident forces. TG cooling sys t~m f a i l -  

ure i s  estimated to occur once every 50 years and resu l ts  i n  a 70-yr accumulated dose of 
8 x 10'~ r e m  to the maximum-exposed individual. 



Severe accidents resulting from extreme impacts and a prolonged loss of cooling to  a 
design load of fuel assemblies could release significant amounts of radioactive Material. 
Such an accident was estimated to  occur once every 50,000 years. Seventy-year accumulated 
doses t o  the maximum-exposed individual of 130 rem and 140 man-rem t o  local populations 
excluding the maximum-exposed individual would result from such an accident involving 
6-month cooled fuel. However, w i t h  fuel that has been cooled fo r  several years before ship- 
ment (as planned for  the once-through fuel cycle), an accident o f ' t h i s  severity is not 
plausible. In a separate study of fuel transportation accidents (WE/EIS-0015), i t  is 
reported that a maximum-exposed individual would receive a 50-yr accumulated dose of only 
about 0.4 rem frun such an accident involving 4-yr cooled fuel (0.6 rem for a 70-yr dose). 

4i8.1.2 Radioloqical Impacts from Unpackaged Spent Fuel Storaqe Accidents 

The example concept for interim spent fuel storage is a 3000-MTHM capacity away-from- 
reactor storage f a c i l i t y  (AFR). Eighteen accidents were postulated for the receipt and 
storage of unpackaged spent fuel a t  an AFR: eight minor, seven moderate and three severe. 
Accident detai ls  are described in DOE/ET-0028, Section 5.7. Eight accidents were determined 
to have potential for  release of radidactive material. Four of the elghteen accidents relate  
t o  the operation of off-gas systems a t  the MR. These accidents are not discussed here 
because releases from this system would be smaller than accidental releases from the dissol- 
ver off-gas system i n  the fuel reprocessing plant (Section 4.8.2.1) that  kere designated as 
the mbrel la  source terms. (Those releases resul t  in an estimated 70-yr accumulated dose to  
the maximum-exposed individual of 2 x loJ rem. ) 

Releases resulting from minor accidents were added to expected annual operational 
releases for  this f a c i l l t y  based on the i r  estimated frequencies. 

Moderate accidents include fuel-handling mistakes, dropped transport casks and uncon- 
trolled venting of r a i l  casks. Releases from these accidents are smaller than those from a 
packaging f ac i l i t y  accident, which is designated as the umbrella source term discussed in 
Section 4.8.1.3. (Those releases resul t  in less  than 3 x loo5 rem accumulated dose t o  the 
maximum-exposed individual during the 70 years af ter  the accident.) 

A s t r ike  by a design-basis 'tornado, a c r i t i ca l i  t y  event in  storage, and a loss .of cwl -  
ing were considered severe accidents a t  an AFR. The postulated c r i t i c a l i t y  is estimated to  
occur only once every 100,000 years and resul ts  i n  an estimated 70-yr dose t o  the maximum- 
exposed individual of 5 x rem. 

4.8.1.3 Radioloqical Impacts Dus t o  Accidents ' a t  a Fuel Packaqinq Faci l i ty  

A fuel packaging f a c i l i t y  (FPF) will be required t o  prepare fuel for disposal in the 
once-through cycle. The fuel packaging f ac i l i t y  may be colocated w i t h  e i ther  the  AFR, a 
packaged fuel storage f aci li t y  or a spent fuel d i  sposal faci l i  ty. - Radiological impacts 
that  resul t  from accidents a t  the packaging f ac i l i t y  are not dependent on its location. 



Six.accidents were postulated for spent f ue l  packaging operations: three minor, two 
moderate and one severe. The three minor accidents involve minor fuel-hand1 ing equipment 
fa i l u res  and are expected t o  r esu l t  i n  no releases o f  radioactive material.  

A dropped f ue l  element occurring about once per year was considered a moderate accident. 

The 70-yr dose t o  the maximum-exposed indiv idual  from t h i s  accident was estimated t o  be less 
than 1 x 10'~ rem. 

A worst-case f ue l  drop accident, i n  which the cladding on 20% o f  the  f ue l  rods i s  rup- 

tured, was estimated t o  occur once every 100 years. This severe accident i s  estimated t o  - 
r e s u l t  i n  less than 3 x lom3 rem accumulated dose t o  the maximum-exposed indiv idual  during 
the 70 years a f t e r  the accident. 

4.8.1.4 Radiological Impacts from Packaged Spent Fuel Storage Accidents 

If spent fue l  i s  t o  be stored for extended periods before disposal, it m a y  be 
desirable t o  store it as packaged spent fuel. Accidents a t  such f a c i l i t i e s  are discussed 

here. Accidents f o r  the handling o f  spent fuel a t  a waste reposi tory are discussed i n  

Section 5.5. 

~eprese'ntative accidents f o r  packaged spent-fuel receiving operations were considered 
t o  be s imi lar  t o  those postulated for a spent-fuel packaging f a c i l i t y  (Section 4.8.1.3). 

Four technologies were considered f o r  the extended storage o f  packaged spent f ue l  : one 
wet and three dry. A water basin concept was considered f o r  wet storage. Dry storage was 
considered i n  vau 1 ts, caissons and surf  ace casks. 

Nine accidents were postulated for the water basin storage o f  packaged fuel. Six are 
the resu l t  o f  the loss o f  essential basin services and would cause no release. A s t r i k e  by 
a design-basis tornado or  a c r i t i c a l i t y  i n  the pool were considered t o  be severe accidents, 
bu t  are expected t o  release less rad ioac t i v i t y  t o  the environment than the equivalent acci- 

dents i n  the pool storage o f  unpackaged f ue l  discussed i n  Section 4.8.1.2 (a  70-yr dose t o  
the maximum-exposed indiv idual  o f  5 x 10" rem) . 1 

Various sets o f  severe environmental condit ions were postulated f o r  the dry storage 

concepts. No design-basi s environments were considered capable o f  causing a release o f  
radioactive material. Package fa i lu res  resu l t i ng  from unident i f ied defects or corrosion 
were the only mechanisms ident i f ied for mater ia l  releases from dry storage. Releases are 
estimated t o  occur once every 10 years from the example f a c i l i t y  and r e s u l t  i n  a 70-yr 
accumulated dose t o  the maximum-exposed indiv ldual  o f  1.1 x 10'~ rem. 

4.8.1.5 Non-Radiological Impacts o f  Accidents i n  the Once-Through Cycle 

Disabling i n j u r i es  and deaths' w i  11 r e s u l t  from construction o f  waste management f a c i l -  
i t i e s ,  as they do i n  construction o f  a l l  f a c i l i t i e s .  Using estimates o f  man-haurs involved 
i n  f a c i l i t y  construction and s t a t i s t i c a l  i n j u r y  and death ra tes f o r  censtrucion a c t i v i t i e s  
(13.6 disabl ing i n j u r i es  and 0.17 deaths per m i l l i o n  man-hours), we estimate tha t  110 dis-  
abl ing in ju r ies  and less than two deaths w i l l  r e su l t  from construction o f  a 3000 MTHM AFR 



w i t h  a colocated spent fuel pa&aging fac i l i ty .  About 60% of these injuries and deaths are 
attributable t o  the AFR i t se l f ,  and 40% are attributable t o  the packaging faci l i ty .  Decom- 
missioning act ivi t ies  are estimated t o  resul t  i n  only about 3% as many deaths and injuries 
as do the construction activities. 

Injuries and deaths will also resul t  from spent fuel transportati on, as they do from 
other transportation activities. For ra i l  transport, we use estimates of 0.36 disabling 
injuries and 0.039 deaths per million km. For truck transport, the estimates are 0.44 dis -  
abl ing injuries and 0.045 deaths per million Ian. These injuries and deaths may occur either 
t o  the transportation worker or to  the public. 

4.8.2 Accident impacts fo r  the Reprocessinq Fuel Cycle 

T h i s  section describes the impacts of postulated accidents in the predisposal waste 
management operations required i n  the reprocessing fuel cycle. 

4.8.2.1 Radioloqical Impacts from Accidents During the Treatment and Packaging of 
Reprocessing Wastes 

In the reprocessing fuel cycle, both high-level and TRU wastes are generated a t  the 
fuel reprocessing p1 ants (FRP), b u t  only TRU wastes are generated a t  the fuel fabrication 
plants (MOX-FFP). Discussions of waste management accidents a t  these f ac i l i t i e s  are divided 
i nto h i  gh-1 eve1 , transuranic, and gaseous or airborne waste management operations. 

Calcination and vitrification processes were considered for the treatment of high-level 
1 i q u i d  wastes. Minor and moderate accidents involving in-cell materi a1 spi l ls ,  process 
equipment fai lures and the loss of components i n  the off-gas treatment processes were con- 
sidered. No credible scenarios f o r  severe accidents were identified fo r  either of  these 
technologies. Accidental releases are, In part, m i  tigated by processing through the FRP 
atmospheric protection system (a final exhaust-air f i l t ra t ion  system). 

The 1 argest re1 ease f rm a minor accident results f ran a 2-kg calcine sp i l l  t o  the 
cell .  Spills of this magnitude are estimated t o  occur once i n  10 t o  1000 years, b u t  smaller 
sp i l l s  t o  the cell probably will occur more frequently. The 70-yr accumulated dose t o  a 
maximum-exposed individual f r m , t h i s  accident is 6 x l o 6  rem. 

A moderate accident involving the loss of an off-gas f i l t e r  is estimated t o  occur once 
every 5 years. The 70-yr accumulated dose t o  a maximum-exposed individual would be 
2 x lo4 rem for this accident. A11 other moderate accidents for the high-level waste 
treatment f a c i l i t i e s  would resul t  i n  smaller doses. 

Transuranic wastes generated in the example FRP consist of fuel hulls and hardware, 
failed equipment, cmbustible and noncombustible wastes and wet wastes. Similar wastes, 
w i t h  the exception of h u l l s  and hardware, are also produced a t  the MOX-FFP. 

Packaging without canpaction, hu l  I s  compaction and h u l l  s me1 ttng were consi dered f o r  
the treatment of fuel h u l l  s and hardware. No credible moderate or severe accidents were 
identified for any of these technologies. The worst minor accident postulated was a 



zirconium fire. In this accident, 2 kg of irradiated zirconiun are available for combus- 
tion. The 70-yr accumulated dose to a maximum-exposed individual was estimated to be 
1 x 10-9 rem. 

Failed equipnent will be disassembled at both the MOX-FFP and the FRP. I t  is antiti- 
pated that during this operation equipment could t i p  over or be dropped by an overhead 
crane. The primary hazard from these accidents i s  to plant workers. No offsite releases 
will occur. 

Canbusti ble waste treatment technologi es involve either packaging w i t h  no treatment, 
or controlled air incineration followed by ash imnobil i zation. Generally, the minimum 
treatment processes did not  have potential for other than minor accidents. Both minor and 
moderate accidents were identified for control led air incinerators. No credible severe 
accidents were identified for the treatment of combustible wastes. 

M i  nor accidents involving combustible wastes include minor ruptures i n  waste bags, 
small f ires and waste package spill s,. The consequences of the 1 argest release from a minor 
acci dent are a 70-yr accumulated dose to a maximun-exposed individual of 2 x lo4  rem. 

Moderate accidents in the incineration operation include explosions and 1 arge fires. 
The largest 70-yr accumulated dose from a moderate accident i s  8 x loo5 rem t o  the maximum- 
exposed individual. 

E i g h t  accidents were identified for the immobilization of wet wastes using the bitmen 
process: six minor and two moderate. Similar accidents are also plausible for the cementa- 
t i  on process. 

Minor accidents that do not generate areosols were considered t o  have no release of 
material beyond the processing cell area. Spillage of the treated waste product would 'be 
contained i n  the cell, A bitumen f i re  will result i n  the largest minor accident release. 
The impact of releases fran this accfdent would be negligible. 

The accident with the largest release, classified as a moderate accident, was a f i l te r  
failure concurrent with a bitumen fire. This accident is expected to occur about once every 
300 years and result i n  a 70-yr accumulated dose to the maximurn-exposed individual of 
5 x rem. 

There are two types of radioactive components in iaseous effluent streams. The f i r s t  
i s  radioactive gases and volatilized radionuclides. These components are captured either 
by adsorption beds or by cryogenic processing of the gas stream. The second is  radioactive 
particulates entrained in the gas flow. These particulates are captured by the use of 
highly efficient filtration systems. Gas effluent air  processing systems at the FRP m q y  use 
all of these processes. However, at the MOX-FFP, filtration is  the only process employed 
since particulates are the only significant materials in the off-gas effluent. 

Minor and moderate accidents were identif f ed for the treatment of gaseous waste streams. 
No credible severe accidents could be identified. Minor accidents include plugged beds and 
f i l ters,  m i  nor leakage through processing equipnent and f allure of active system components 



such as blowers, pumps, etc. These accidents are considered to  have no releases s.uff icient 

f o r  consideration as an accidental release. Minor leakage was added to  normal operating 

releases. 

Moderate accidents include catastrophic f i l t e r  ruptures, rupture o f  ca ta l y t i c  un i t s  dur- 
ing changeout and shutdown o f  a l l  treatment systems. The largest release o f  t h i s  type would 
resu l t  from a shutdown o f  the  dissolver off-gas system a t  the FRP f o r  30 days. Iodine, 
ruthenium, carbon and krypton would be released. A maximum-exposed indiv idual  i s  estimated 
' to receive a 70-yr accumulated dose o f  3 x loo2 rem from t h i s  accident. The accident i s  

estimated t o  occur about once every 10 years. 

4.8.2.2 Radioloqical Impacts from Reprocessinq Waste Storaqe Accidents 

I f  waste disposal f a c i l i t i e s  are not available a t  the  t ime wastes are being generated, 
in ter im storage w i  11 be required. Several storage a1 ternatives have been analyzed f o r  high- 

level  waste, TRU waste, and krypton. 

At the example FRP,, high-level waste i s  so l i d i f i ed  imnedistely a f t e r  generation. 

Canisters o f  so l i d i f i ed  high-level ,waste are then stored i n  water basins u n t i l  they have 
aged su f f i c i en t l y  f o r  disposal (5 years assumed). If a disposal f a c i l i t y  i s  not  available 

a t  that  time, the waste i s  assumed t o  be sent to  a sealed-cask in ter im surface storage 
f a c i l i t y .  

F i f teen accidents were ident i f ied for water basin storage o f  s o l i d  high-level waste: 

s i x  minor, f i v e  moderate and four  severe. 

Minor accidents include f a i l u r e  of components i n  ven t i l a t ion  and cooling systems, No 
releases resu l t  f run  these accidents. 

Moderate accidents include fa i lu res  o f  basin s t ructura l  Components, canister handling 
errors and canister f a i l u re  during storage. Mo releases t o  the environment r esu l t  from 
these accidents. Increased worker exposures are expected for accidents tha t  release act iv -  
i t y  t o  the pool water. 

Severe accidents i n  t h i s  f a c i l i t y  involve dropping large objects i n t o  the  pool, f i r e s  

and a design-basis tornado str ike.  Consequences o f  these accidents are less than those 
c i ted i n  Section 4.8.1.2 f o r  a spent-fuel storage pool (a  70-yr dose t o  the maximum-exposed 
indiv idual  o f  5 x rem). 

The only accident wi th  a potent ia l  f o r  environmental consequences during sealed-cask 

storage o f  so l i d i f i ed  high-level waste I s  a canister rupture during i t s  placement i n  'a  storage 
cask. The acci dent i s  considered of moderate sever i ty and, using c a l c i  ne, would resu l t  i n  a 
70-yr accumulated dose t o  the maximum-exposed indiv idual  o f  8 x rem. . 

Transuranic wastes include drums and boxes of contact-handled TRU wastes and drums and 
canisters o f  remotely handled TRU wastes, including packaged fuel-residues. No credible 

severe accident scenarios were ident i f ied for  TRO waste storage. Accidents f o r  the storage 
of  f ue l  residue are a l l  less severe than accidents described f o r  the cask storage o f  so l i d i -  

f i e d  high-level waste. Outdoor storage methods fo r  a l l  TRU wastes and indoor storage 



methods for remotely handled T RU wastes have potential for both minor- and moderate acci- 
dents. Indoor storage methods for contact-handled TRU wastes limit the accident spectrm 
to mi nor accidents, 

Typical minor accidents involving TRU uaste packages include dislodging of surface con- 
tami nati on, rusting through of containers, and mechanical breaching of package. The 70-yr 
accumulated dose for the maximum-exposed individual for the largest of these releases is 
2 x 104 rem. 

Moderate'accidents include fires in storage, tornado strikes and drms dropped f m  a 
crane. The 70-yr accumulated dose to the maximum-exposed individual for the largest of 
these releases is 4 x lo4 rem. 

Krypton removed from the FRP dissolver aFf gas i s  asshed to be collected i n  pressur- 
ized gas cyl inden and stored ohsite at  the FRP i n  a separate facil ity. Three moderate 
accidents were postulated for the release of gas from one cylinder (WO kCi). If this  
occurs Fn the operating area or storage corridor, gas would be released via the facility 
stack. The 70-yr accumulated dose to a maximum-exposed individual i n  the public would be 
5 x lo4 rem. This accident is  estimated to occur once every 20 years. Of gt-eater potentla1 
consequence are the employee doses from this accident. A worker i n  the area of the ruptured 
cylinder faces hazards f ran flying debris and could receive a radiation dose rate of up to  
8 rera/min. Imnediate evacuation af the area would be required. 

4.8.2.3 Radiological Impacts from Reprocessing Waste Transportation Accldents 

A reprocessing fuel cycle has potential transportation requirements for spent fuel, 
solidified high-level waste, fuel residues, and other TRU wastes. As i n  the once-through 
cycle, safety during transport depends primarily on shipping containers. The containers must 
meet standards established by the Department of Transportation and the Nuclear Regulatory 
Carmission. Packages containing significant amounts of radioactive material must be deslgned 
to  prevent loss or dispersal of the radioactive contents, retain shielding efficiency, ensure 
nuclear critical i ty safety, and provide adequate heat dissipation under normal conditions of 
transport and under specified (hypothetical) accident damage test conditions (49 CFR 71, 
Appendix B) . Improbable accidents that exceed the hypothetical tests, accidents due to 
equipnent failures and accidents that are less severe than the test conditions were consid- 
ered here to demonstrate the range of potential bccurrences i n  a transportation envirorment. 

Minor, moderate and severe accidents were postulated for the rail transport of solidi- 
fied high-level waste. Minor accidents for this material are similar to those for spent 
fuel. A moderate accident could result i n  a reduction i n  neutron shielding and a local 
hazard of increased neutron exposures. No radioactive material would be released i n  t h i s  
accident. A I severe accident involving impact and f i re  could resul t i n  a mater i a1 re1 ease. 
This accident is  estimated to occur only once every 330,000 years and result i n  a 70-yr 
accumulated dose to the maximum-exposed individual af 10 rem. - 

Transuranic wastes were considered to be transported i n  DOT-1 icensed packages. Three 
minor and one severe accident were identified. The worst minor accident is expected to 



occur once per year due to  improperly closed waste packages and result i n  a 70-yr accumu- 
lated dose to  the maximum-exposed individual of 3 x lo4 rem. A severe accident involv- 
ing severe impact and f i r e  w i t h  an estimated frequency of once every 100,000 years would 
result i n  a maximum-exposed individual 70-yr whole body dose of 3 ran. 

4.8.2.4 Hon-Radiological Impacts of Accidents i n  the Reprocessins Cycle 

Estimates of deaths and disabling injuries resulting from construction and decokls- 
sioning of reprocessing fuel cycle waste management faci l i t ies  are given i n  Table 4.8.1. 
Injuries and deaths also result from transportation of the wastes. A s  i n  spent fuel trans- 
port, we use estimates of 0.36 disabling injuries and 0.039 deaths per million km for ra i l  
transport and 0.44 disabling injuries and 0.045 deaths per mill ion km for truck transport. 
These injuries and deaths may occur either to  the transportation worker or to the public. 

TABLE 4.8.1. Disabling Injuries and Deaths from Construction and Decormnissioning of 
Reprocessing Fuel Cycle Waste Management Facilities 

' Construction 

Waste Mgmt. Facilities 
at Example FRP 

Waste Mgnt. Facilities 
at Exampl e MOX-FFP 

Example RWSF 

' Decmissioninq 

Yaste Mgrnt, Facilities 
at Example FRP 

Waste Mgmt. Facilities 
at Example MOX-FF P 

Disabling Injuries 
(a)  

Deaths 
(b) 

(a) Based on ,frequency rate of 13.6 per m i  11 ion man-hours. 
(b) Based on frequency rate of 0.17 per million man-hours. 

4.8.3 Radiological Impact Sumary for Predisposal Operations Accidents 

Table 4.8.2 sumnarizes the radiation effects of the predisposal-system accident 
analysed for this Statement. 

This comparison shows that transportation i s  the waste management step w i t h  the . 
potential for the most serious accident in either fuel cycle. The estimated exposures i n  
these accidents, however, are not large enough to  cause observable clinical effects. The 
individuals exposed would presumably bear an increased probabil i t y  of developing cancer 
sometime during their 1 i f e  or of passing on a genetic defect. 



TABLE 4.8.2. Sumnary o f  Radiation Effects f ran  Potent ia l  -Worst-case 
. Predisposal System Accidents 

Transportation 

Spent Fuel 
(4-yr-old) 

HLW 
TRU Waste 

Storage 

Treatment and 
Packaging 

Maximum-Exposed Indiv idual  Radiation Doses, rem 
bnce-Through Cycle Reprocessins Cycle 

(a) Shipment of C-month-old spent fuel, which i s  unlikely, could resu l t  
i n  a maxlmum dose of 130 rem. 

(b) Based on HLW 6.5 years a f te r  reactor discharge. 
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4.9 COST OF PREDISPOSAL OPERATIONS 

Costs for treating, storing, and transport ing spent f ue l  or comnercial reprocessing and 

mixed oxide fue l  fabr icat ion wastes are presented i n  t h i s  section. A l l  costs are stated i n  

terms o f  constant( a) 1978 d o l l  ars. 

The costs shown here are l e v e l i ~ e d ( ~ )  u n i t  costs based on capi ta l ,  operating, and 
decmiss ion ing  costs f o r  the ind iv idua l  predisposal waste management operations. Capital, 
operating, and decmiss ion ing  cost estimates have been developed as par t  o f  t h i s  Statement 
for the predisposal f a c i l i t i e s  associated wi th  the example geologic disposal system and are 
sumnarized i n  Appendix A. Predisposal costs f o r  a l ternat ives other than geologic disposal 

are based on predisposal costs o f  the geologic disposal system where the operations are 

similar. Where the operations are different, data from other studies have been used t o  the 
extent available. 

For the once-through cycle, the mined geologic and very deep hole concepts have the 

lowest predisposal systems costs ($103/kg HM) o f  the al ternat ives studied i n  t h i s  State- 
ment. Costs o f  other al ternat ives are 50 t o  100% higher. For the reprocessing cycle, the 
mined geologic, very deep hole, wel l  injection, space injection, and rock melt ing alterna- 
t i ves  a l l  cost  abaut #70/kg ( including spent f ue l  storage and transportation). Costs o f  

other al ternat ives ranged from $15 t o  over $230/kg HM more than the lowest cost  options. 

The cost tables i n  t h i s  section are intended t o  provide predisposal cost  comparisons 
between disposal a l ternat ives and t o  i l l u s t r a t e  cost re lat ionships among predisposal compo- 
nents f o r  the example geologic disposal alternative. The t o t a l  costs presented here do not 

include the s ign i f icant  costs o f  research and development. Costs for the en t i re  waste man- 

agement system, level ized wi th  respect t o  the power generation tha t  produced the waste, are 

developed i n  Chapter 7. 

A b r i e f  explanation o f  the cost estimate assumptions and bases f o r  the costs developed 

i n  t h i s  Statement i s  given i n  Section 3.2. Additional de ta i l  on predisposal f a c i l i t y  costs 
f o r  geologic disposal i s  available i n  M)E/EF-0028, Volumes 2, 3 and 4. 

4.9.1 Once-Through Fuel Cycle Predisposal Costs 

For the example once-through cycle, predisposal operations consist o f  storage a t  reac- 
to r  basins, storage i n  independent basins when reactor basin capacit ies are exceeded, t rea t -  
ment and packaging o f  the fue l  assemblies, and a l l  transportation operations. A b r i e f  
descript ion o f  the operations required f o r  each disposal option i s  found i n  Table 4.1.1. 

Table 4.9.1 l i s t s  the costs associated w i th  these predisposal operations f o r  the a l te r -  
native disposal methods studied. Reactor basin storage charges o f  $25/kg HM and transporta- 

t i o n  costs of S26/kg HM f o r  shipment o f  spent f ue l  , to  treatment f a c i l i t i e s  are comnon t o  a l l  

(a) For a de f i n i t i on  o f  constant do l la r  costs, jee Section 3.2.8.1. 
- 

(b) Levelizing re fers  t o  develo ing a single, constant u n i t  charge, Hhich recovers a l l  R expenditures associated w i t  a f a c i l i t y  or system including in te res t  (see Sec- 
t i o n  3.2.8.2). The costs stated i n  t h i s  section are level ized wi th  respect t o  i nd i v i -  
dual waste management operations only. 



TABLE 4.9.1. Unit Costs o f  Predisposal Operations f o r  Once-Through Cycle Disposal Options 

Predi sposal Operation 

5-Year Reactor Storage 

Shipment t o  Interim 
storage (1000 mi)(a) 

Interim 
Shipnent t o  Treatment 

(1500 mi) 
Treatment- and Packag- 
i ng 

Shipment t o  Disposal 

TOTAL 

Cost, $/kg H19 
Mined Very Deep Rock Sub- Ice Inject ion Trans- - Space 

Geologic Holes Melting Island seabed Sheet We1 1 mutation . Inject ion 

Based on inter im storage of 25% of t o ta l  spent fuel discharges. 

I I  o cost i s  shown f o r  t h i s  step since the analysis asstunes that packaging or treatment i s  accomplished a t  the 
isposal slte. I f  packaging f a c i l i t i e s  f o r  mined geologic disposal of spent fuel  were located offsi te,  an 

additional transportation step would be necessary for t h i s  option. 
Includes costs of managing TRU wastes generated during dissolution of the spent fuel. 



disposal alternatives. The rock melting, well injection, transmutation, and space injection 
alternatives have somewhat higher costs for shipment to interim storage, interim storage, 
and treatment since the spent fuel i s  dissolved and management of additional waste streams 
i s  required. The high transportation costs of the island, subseabed, and ice sheet alterna- 
tives are a result of the required land and ocean transportation. 

The mined geologic and very deep hole concepts have significantly lower predisposal 
costs than the other alternatives, $103/kg HM. The island, subseabed, and ice sheet alter- 
natives have higher costs, $150/kg HM, because of the expensive transportation requirements. 
The other alternatives have higher predisposal costs because of the cost of managing the 
additional waste streams generated. These range from $175/kg HM for the rock melting and 
well injection a1 ternatives to $320/kg HM for transmutation. 

4.9.2 Reprocessing Fuel Cycle Predisposal Costs 

A brief description of the predisposal operations for the reprocessing fuel cycle 
required for each of the disposal options i s  found i n  Table 4.1.2. Costs associated w i t h  

these operations are shown i n  Table 4.9.2. Spent fuel storage and transportation costs 
could be considered as reprocessing costs rather than as waste management costs i f  spent 
fuel i s  reprocessed. For conslsteny and conservatism, the costs of spent-fuel storage and 
shipment are included as waste management costs i n  t h i  s Statement. Llithout these costs, the 
predisposal costs of the reprocessing cycle alternatives are comparable to or less than the 
once-through cycle costs. 

Waste treatment costs of the reprocessing cycle alternatives are canparable w i t h  two 
exceptions: I) costs for the rock melting and well injection alternatives are lower since 
high-level waste solidification i s  not required, and 2) costs for the transmutation alter- 
native are higher because of repeated chemical partitioning and target fabrication 
operations. 

Transportation costs for the rock melting and well injection alternatives are less than 
other options since the high-level waste is  not transported offsite. However, the cost of 
interim storage of the high-level liquid waste for these two alternatives i s  much higher 
than the cost of solidified high-level waste storage employed i n  the other alternatives. 
Transportation costs for the island, subseabed, and ice sheet a1 ternatives are significantly 
higher than fw other alternatives because 6f the oceanic shipments of high-level waste. 

costs 
other 

Total predisposal system costs of the mined geologic, very deep hole, rock melting, 
well injection, and space injection alternatives are similar, e.g., $168/kg HM. The costs 
of the island, subseabed, and ice sheet a1 ternatives are 1851kg HM or about 10% higher and 

of the transmutation alternative (>$400/kg HM) are more than 100% higher than any 
alternative. 



TABLE 4 A.2. Unit Costs of Predisposal Operations for  Reprocessing 
Waste Disposal Operations 

Cost, $/kg HP1 
HI  ned Very Deep Rock Sub- Ice In ject ion Trans- Space 

Predisposal Operation Geologic Holes Me1 t i n s  Is1 and seabed Sheet We1 1 mutation Inject ion 

Spent Fuel Storage and ' 
Shipment 59 59 59 59 59 59 59 59 59 

Waste Treatment 
F R P ( ~ * C )  67 67 43 67 67 67 43 >230(~) de) 
MOX-FFP(~) 4 4 4 4 4 4 4 > 7 0 ( ~ )  4 

Shipment t o  Inter im 
Storage (1.000 m i  ) 6 6 4 6 6 6 4 6 6 

Interim Storage ( 4  23 23 52 23 23 23 B 23 23 
S h i p n t  t o  Disposal 

(1500 m i  ) 9 

a Fuels Reprocessing Plant .  See Appendix A f w  a breakdown o f  example FRP waste treatment costs and options. 
[ b l  Mixed Oxide Fuel Fabrication Plant. See Appendix A f o r  a breakdown of example W-FFP waste t reabent  costs and - - 

opti ons . 
(c) Includes HLW and TRU waste treatment costs ($/kg HM) as follows: 

Mined Geologic and Rock In ject ion Space 
SimilarCostOptlons Meltins Well Transmutation In ject ion 

TW Waste 
TOTAL 

d A $lO/kg HH cost f o r  TRU waste storage i s  comaon t o  a l l  options. The remaining cost i s  f o r  HLW storage. 
l e i  HLW storage costs f o r  those options may d i f f e r  from those f o r  the mined geologic option because of different 

configurations. No difference i s  assumed here. 
(f) Based on additional par t i t ion ing f a c i l i t y  costs. 



4.9.3 Detai led Predisposal Cost Estimates f o r  Geologic Disposal 

This section describes i n  greater de ta i l  the predisposal cost estimates for the example 

geologic disposal alternative. Costs are derived for both the once-through and reprocessing 
cases. 

4.9.3.1 Once-Through Fuel Cycle 

Table 4.9.3 1 i sts  the costs associated w i th  once-through predisposal operations. 

Reactor basin storage i s  estimated to cost about S6kg  HM per year wi th  storage periods on 

the order o f  f i v e  years, f o r  an equivalent present-worth cost o f  about $25/kg WM. 

Af ter  storage, the f ue l  assemblies may be: 1 )  packaged intact, 2) disassembled and 

packaged, 3) chopped, voloxidized, and packaged, or  4) chopped, the fuel dissolved, and 

converted t o  glass. Treatment costs shown i n  Table 4.9.3 for the above options range from 
$18 t o  $92/kg HM due to  the increasing complexity o f  these operations. 

Costs f o r  independent unpackaged water basin storage o f  spent f ue l  vary s l g n i f  icant l y  

w i th  the s ize and capacity u t i l i z a t i o n  o f  the f a c i l i t y .  Costs f o r  storage i n  a non- 

expandable 3000 MTHM basin are estimated a t  about $117/kg HM.(~) Costs f o r  a 5000 MTHM non- 

expandable basin (DOE 1978), using u n i t  cost assumptions i n  t h i s  Statement are estimated a t  
$8O/kg HM.(') Estimates f o r  a f a c i l i t y  expandable t o  20.000 MTHM are $45/kg HM.(') I n  

addition, costs vary near ly inversely wi th  oapaclty ut i l iz&on. Fa example, i f  a f a c i l i t y  
u t i l i z e d  only 50% of i t s  capacity, u n i t  cos t s 'wu ld  be almost doubled. 

Other storage options include storage of packaged spent fuel. I n  these cases, spent 

f ue l  could be packaged i n  f a c i l i t i e s  located adjacent t o  storage f a c i l i t i e s .  Table 4.9.3 

i l l u s t r a tes  costs for four such design concepts. Dry well storage appears to  be the most 
cost e f fec t ive alternative. 

Packaging o f  the spent f ue l  could be done e i the r  a t  f a d  l i t i e s  adjacent t o  storage 

basins or M the repository. Packaging f a c i l i t i e s  tha t  are in tegra l  w i th  the reposi tory 

are assumed for the example system here and may be more cost ef fect ive due t o  lower trans- 

portat ion costs f o r  unpackaged spent fuel. ' 

Transportation costs include transport of ' the Spent fuel from reactor storage t o  inde- 

pendent storage (25% of the fuel), reactor storage to repository (75% o f  the f ue l )  and 

independent storage t o  reposi tory (25% o f  the fuel) .  

Total predisposal costs for the example case i n  Table 4.9.3 are about $103/kg HM. The 

range i s  estimated using the lowest and highest cost options. 

(a) I n  the cases shown i n  Table 4.9.3, it i s  assumed that  only about 25% o f  t o t a l  spent 
f ue l  discharges are sent to independent storage and the cost i s  reduced proport ionally. 



TABLE 4.9.3.   re disposal U n i t  Costs for the Once-Through Cycle 

U n i t  cost, S/kq ~ ( a )  
Example Other 

Treatment Options 
Decay Storage a t  Reactor Basin w -. 
Package Intact Fuel Assemblies 18 -. 
Disassemble and Package Fuel Rods -- 3 0 ( ~ )  
Package Chopped and Voloxidized Fuel -- 4 2 ( ~ )  
Dissolve Fuel and Convert To Glass -- 92(') 
Independent Away-frun Reactor (AFR) Fuel Storage 

Unpackaged 
a Nonexpandable 3000 MT Basin 29(d) 
a Nonexpandable 5000 MT Basin -- -- ;(dl a Modular Basin Expanded to 20,000 MT 11 (d 
Packaged 
a Water Basin -- 38 

Air-Cooled Vault -- 3 5 
a Dry Well -- 22 
a Surf ace Cask - 3 0 

~rans~or ta t ion  - 31(d,e) -- 
Total 103 range 85 

to  186 

(a )  Costs may be expressed i n  $/We-yr by mu1 tiplyi ng by 38,000 kg HM/GtJe-yr. 
(b) Reactor basin spent fuel storage costs are based on a charge of $6/kg HM 

per year. The value shown i n  the table is equivalent to  a minimum storage 
time of 5 bears w i t h  a real cost of  money of 7% p e r  year. 

(c) Estimates based on facil i t ies and operations described i n  ONIJI-39, 
July 1979, except that the cost calculations were modified t o  a 7% real 
cost of money basis. Estimates include treatment of all wastes generated, 
but do not include transportation and disposal. Costs for the entire sys- 
tem are shown i n  Table 4.9.7. 

(d )  Average fuel cycle cost based on interim storage of 25% of total spent 
fuel discharges. 

(e) Packaging mqy be done a t  the repository or a t  another site. The transpor- 
tation costs for the example case are based on a packaging f acil i t y  which 
i s  integral w i t h  the repository and assumes that packaged fuel handling 
i s  accunplished using repository facilities. Transportation costs consist 
of $5/kg HM for shipment of 25% of the spent fuel to AFR storage, 
QO/kg HM for shipment of  the other 75% of the spent fuel from reactor 
basins to final disposal and $C/kg HM for shipment of the fuel in AFR 
storage to final disposal. 

Reprocessins Fuel Cycle 

Reprocessing fuel cycle wastes consist of wastes from reprocessing and mixed oxide 
fuel fabrication plants. Table 4.9.4 shows the u n i t  costs for alternative methods of waste 
treatment for these wastes. 

Differences i n  cost between treatment options are not 1 arge, ranging from 10 to  25%, 
except for krypton removal. Predisposal costs for the example system are fa i r ly  evenly dis- 
tributed between high-level waste treatment ($23.9/kg HM), T N  waste treatment 
($10.40/kg HM), gaseous waste treatment (#8.20/kg HM), interim storage of high-level and 
TRU wastes (Q3.10/kg HM) and transportation ($15.50/kg HM). These costs total about 



TABLE 4.9.4. U n i t  Cost Estimates for  Reprocessing Fuel Cycle Wastes 

u n i t  cost,  kg HM(') 
Exarn~ 1 e Other 

Waste Category Treatment system Options 
High-Level Liquid Waste Spray Calcination & Vitrification 10.4 . 

Fluid Bed Calcination Only , 13.0 
5-Year Onsi te  Storage & Handling 13.5 

(af ter  solidification) 

Fuel Residue Package Without  Compaction ( in  4.9 
sand) 

Compaction of Hulls 4.6 
Melting of Mulls 5.1 

Non-Combustibles and 'Package 4.8(b) 
Fai 1 ed Equipment 

Canbustible and Incineration 
compactable Package Only 

Wet Uaste 

Gaseous Waste 

Cementati on 
Bitumenization 

Vessel Off -Gas 
Dissolver Off -Gas 

I and Ru Removal 
I, Ru and C Removal 
I, Ru and Kr Removal 
I ,  Ru and C and Kr Removal 
Kr Storage Onsite 

Atmospheric Protection System ( APS) 
Group I11 Prefilter 
Sand Fil ter  
Deep Bed Fil ter  

Soli dif fed Reprocessing Interim Storag (c) 
Wastes Transportati onfd) 

Subtotal 109 

Spent Fuel Storage and Shipment - 59k)  
Prior to  Reprocessing 

Tota 1 range 
139 t o  . 

179 

(a) Costs may be expressed i n  $GWe-yr by multiplying by 38,000 kg HM/GWe-yr. 
(b) Includes estimates for  waste treatment a t  the mixed oxide fuels fabrication 

plant. See Appendix A for further detail. 
c See Table 4.9.5. 
d See Table 4.9.6. 
e) Based on a 1-year storage of a l l  spent fuel a t  the reactor basin ($6/kg HM) and I 

interim storage of 25% of total spent fuel discharges ($29/kg HM) . Spent fuel 
transportation is estimated t o  cost $24/kg HM (see Table 4.9.6). Although spent 
fuel handling and storage prior t o  reprocessing are not clearly uaste management 
functions, the costs are shown here and are included i n  the systems cost 
estimates i n  Chapter 7 t o  conservatively estimate waste management costs. 



$109/kg HM, which i s  comparable ' t o  the  $103/kg HM predisposal cost t o t a l s  f o r  spent f u e l  

waste management. I n  addition, spent fuel handling and storage costs before reprocessing 

are also included f o r  reasons noted previously, br inging the t o t a l  reprocessing f ue l  cycle 

waste management cost t o  $168/kg HM. The range i s  estimated using the lowest and highest 

cost treatment options. 

Tables 4.9.5 and 4.9.6 show addi t ional  de ta i l  for  the costs of inter im storage options 

and transportation operations. 

4.9.4 Detai led Subsystem Costs for  Geologic Disposal 

Since many treatment options a f f ec t  the t reated waste volumes, the ent i re  cost impact 

of these options cannQt be evaluated on the  basis of the predisposal costs alone. For t h i s  

reason f i n a l  disposal costs are included i n  the subsystem costs presented here, although 

they are not developed i n  t h i s  Statement u n t i l  Section 5.6. 

Table 4.9.7 i l l u s t r a t e s  t o t a l  subsystem waste management costs f o r  waste management 

operations f o r  both the once-through and reprocessing fuel  cycles. These costs include the  

e f f ec t  o f  volume reduction on subsequent transportation, inter im storage and disposal 

operations. For the once-through cycle, d issolv ing the spent f u e l  costs s i gn i f i can t l y  more 

than other treatment options. For the reprocessing cycle, treatment options do not have a 
s ign i f i can t  impact on t o t a l  system costs except for the f ue l  residue and combustible waste 

options. The high cost o f  removing and s tor ing krypton re l a t i ve  t o  the waste management 

costs o f  removing other gases can also be noted. 

The cost ranges re f lec t  the impact of volume changes on costs assuming the example 
in ter im storage and f i n a l  disposal methods. The upper cost estimate assumes the least  

volume reduction and the lowest cost estimate the greatest volume reduction. Cost ranges 

would be somewhat greater than shown here f o r  other in te r im storage and f i n a l  disposal 

options. 

. The example t o t a l  cost estimate of S215/kg HM f o r  the reprocessing fuel cycle includes 

$59/kg HM f o r  spent f ue l  transportation and storage p r i o r  t o  reprocessing. The f i n a l  
disposal costs included i n  the subsystems cost estimates may be estimated by subtracting 

the 

the 

predisposal costs i n  Tables 4.9.3 and 4.9.6 from the subsystem cost i n  Table 4.9.7 f o r  

once-through and reprocessing f ue1 cycles. 



TABLE 4.9.5. Unit Cost Estimates f o r  Interim Storage Operations 
f o r  Reprocessing Fuel Cycle Wastes 

Unit cost $/kg HM( a) 
Waste Category Operation &!wt 9LE!! 

High-Level Waste Sealed Cask Storage 13 -- 
Fuelz' Residue and Other TRU Dry Well Storage 7 

Waste Canisters Vau 1 t Storage 20 

Remotely Hand1 ed TRU Waste D ~ m s  Vault Storage 3 
Dry Uel l  Storage 6 

Contact-Handled TRU Waste Drums Outdoor Surf ace Storage 0.3 
and Boxes Indoor Unshielded Storage - 0.4 

Total 23 

(a) Costs may be expressed i n  $/GWe-yr by mu1 t i p l y i ng  by 38,000 kg HWGWe-yr. 

TA8LE 4.9.6. Unit Cost Estimates f o r  Example Transportation Operations, $/kg tiIda) 

Unit Cost For Reprocessing Wastes 
high- Fuel 

Uni t  Cost Level Residue Other CH-TRU 
Origin and Destination f o r  Spent Fuel Waste Waste RH-TRU Waste Waste 
Reactor t o  Interim 5( b) -- -- -- -- 

Storage (1000 m i )  

Reactor to Reprocessing 1 4 k )  
Plant (1000 m i )  

Interim Storage t o  5( b) 
Reprocessing Plant 
(1000 m i )  

Reprocessing Plant t o  -- 2.0 2.2 1.7 0.2 
Interim Storage or 
Repository (1000 m i )  

Interim Stora e t o  - -- 
Repository 11500 m l )  

Total 24 5 6 4 0.5 

(a) Costs may be expressed i n  $/We-yr by mult iplying by 38,000 kg HM/GWe-yr. 
( b l  Based on interim storaae o f  25% o f  the merit fuel. 
( c j  Based on d i rect  shipme& o f  75% o f  the spent fuel. 



TABLE 4.9.7 subsystems ( a) Waste 

Fuel Cycle 
Option Waste Category 

Once-Through Spent Fuel 

Total 

Reprocessing High-Level 

Fuel Residue 

Non- 
combustible 
and Failed 
Equipment 

Canbusti bles 

Wet 

Gaseous 

Subtotal 

Spent, Fuel 

Total 

Management Costs fo r  A1 temative 

Option 
Encapsulate Whole Assemblies 
Disassemble and Encapsulate 
Chop Assembl i es and Encapsulate 
Dissolve Fuel, Convert t o  Glass 

and Encapsulate 

V i t r i f i ca t i on '  
Calcination 

Package i n  Sand Without 
Compaction 

Compaction o f  Hulls 
Melting o f  Hulls 

Pack age 

Incinerate 
Package Only 

Cementation 
~i tuminization 

Vessel O f f  -gas 
Dissolver Off-gas 
I and Ru Removal 
I, Ru and C Removal 
I, Ru and Kr Removal 

0 I, Ru, C and Kr Removal 

Atmospheric Protection System 
Group I11 Pre f i l t e r  
Sand F i l t e r  
Deep-Bed F i l t e r  

Storage 
Pr ior  

and Transportation 
to  Reprocessing 

Waste Treatment Options 

systems $/kg HM(~)  
Example Options 

range 140 
t o  250 

range 182 
t o  251 

(a) Subsystems costs include the cost of waste treatment, packaging, a l l  transportation, 
interim storage and f i n a l  disposal. Research and development costs and the discount 
ra te  ef fect  o f  timing o f  the costs are not included i n  the figures shown here, but are 
included i n  the system power cost estimates i n  Chapter 7. 

I b) Costs may be expressed i n  $/We-yr by mult iply ing by 38,000 kg HM/GWe-yr. 
c) Includes $52/kg HM f o r  geologic disposal. - 

(d) Includes $47/kg HM fo r  geologic disposal. 
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4.10 SAFEGUARDS INCLUDING PHYSICAL PROTECTION FOR PREDISPOSAL OPERATIONS 

Regulations similar to  those already in place t o  protect the public from thef t  of 
nuclear material and from sabotage a t  licensed nuclear f ac i l i t i e s  are expected t o  apply t o  
operations a t  waste management facilities. The probable safeguard requirements for  predis- 
posal waste management f aci li  t i e s  are described in t h i s  section. -- 

4.10.1 Safeguards Requirements for  the Once-Through Cycle 

Safeguards measures, including physical protection, required fo r  currently licensed 
nuclear f a c i l i t i e s  are expected t o  be adequate for safeguards and physical protection for  
the once-through c ~ l e .  Spent fuel and the f a c i l i t i e s  designed t o  manage this material are 
not expected to  require additional safeguards. 

4.10.1.1 Spent Fuel Treatment and Packaging Safeguards Requirements 

The susceptibility of the spent fuel handling operation t o  t he f t  and sabotage of the 
fuel elements is reduced as packaging and treatment operations of the fuel elements proceed. 
The spent-fuel elements and a l l  treatment and packaging f a c i l i t i e s  handling this material 
w i l l  be physically protected as required by Federal regulations fo r  v i ta l  areas (see Sec- 
tion 3.2.9 or 10 CFR 70, 73). A l l  of the auxiliary systems for spent fuel handling will be 
similarly protected because they are part  of the same. faci l i ty .  

If the spent fuel is simply encapsulated for  disposal as in the example process for  
this Statement, the spent fuel elements become less  at t ract ive and less accessible targets  
for sabotage. In addition, operating safety features inherent in the design of f a c i l i t i e s  
licensed to  process spent fuel elements contribute significantly t o  safeguarding this 
material. 

I f  the spent fuel is chopped and encapsulated, none of the additional steps required 
in  t h i s  process significantly increase the susceptibili ty of the fac i l i ty ,  equipment or. 
target material t o  thef t  or sabotage. 

I f  the spent,fuel i s  dissolved an3 converted t o  glass, the physical protection require- 
ments and the relative unattractiveness and inaccessibili ty of the material make it an 
unlikely target for  thef t  or sabotage. The same protective environmental and control mea- 
sures identified above are jresent in thi s f aci l i t y  t o  provide required safeguards features. 

4.10.1.2 Safeguards Requirements fo r  Spent Fuel Storage 

Spent fuel is neither easily accessible nor an at t ract ive enough source of f i s s i l e  
material t o  encourage theft. . The plutonium concentration is low and the fuel elements are  
very radioactive; massive shielding of steel,  lead, concrete or several f ee t  of water is 
required a t  a l l  times. Separation of the plutonium requires complex chemical processes car- 
ried out in remotely operated, shielded processing equipment. In addition, spent fuel is 
not in a form suitable for easily dispersing radioactive material, and thus, is not an 
at t ract ive target for  this threat because only intact  spent fuel rods are considered t o  be 
an acceptable form for  extended storage. 



Physical protection features required by Federal regulations are- expected t o  provide 
adequate safeguards. Safeguards contingency plans in these regulations for  licensed fac i l  i- 

t i e s  will include NRC-approved arrangements f or support from local law 'enforcement personnel 
if there i s  a serious threat, An adequate response force will be able to  engage and con- 
ta in the intruders i n  less time than is required.for the intruders to  gain access, remove 
fuel elements from the storage locatlon, transfer them to  a shielded container, place them 
on a vehicle and leave the s i te .  A single fuel assembly weighs more than one-quarter metric 
ton and a hoist or crane operated from behind heavy shielding is required t o  move it. Dis- 
assembly to obtain individual fuel rods, which could be transferred by more readily obtain- 
able l ight equipment, would be a much more time-consuming operation. The disassembly would 
have to  be done remotely, behind heavy shielding or under water. 

These same measures also deny fuel storage f ac i l i t y  access to  saboteurs. A detailed 
study (Voiland e t  al. 1974) of the safeguards risks associated w i t h  water basin storage of 
spent fuel concluded that the stored irradiated fuel a t  the f ac i l i t y  under consideration i s  
not amenable to a credible sabotage event that would endanger the public health and safety. 
The safeguards measures assumed for that  case are typical of those required for  the licensed 
fac i l i t i es .  

4.10.1.3 Safeguards ~equirements for  Transport of spent Fuel 

Spent fuel is more vulnerable to thef t  and acts of sabotage during transport than a t  
fixed s i t e s  because it i s  more accessible. The measures proposed to protect against diver- 
sion and sabotage of shipments of spent fuel reflect t h i s  potential threat (10 CFR 73). 

The level of physical protection required for  shipments ,of spent fuel elements, estab- 
lished by the M(C in an interim rulemaking (10 CFR 73 1979), was based on a study by Sandia 
laboratories (1977). Specific requirements were included t o  protect the pub1 i c  against 
sabotage of spent fuel in t rans i t  by truck or ra i l ,  w i t h  particular concern for  urban areas. 

Theft of spent fuel t o  obtain the fissionable material i s  not sufficiently credible t o  
warrant additional requirements for  this specific threat (see Section 4.10.1.2). Theft of 
th i s  material as a part of an extortion attempt would be limited t o  the length of time law 
enforcement personnel would need to  locate the stolen cask. Such material i n  a cask is 
detectable by aerial radiation surveys and the fac t  tha t  detection would be imminent would 
deter any lengthy extortion scheme. 

Prediction of detection is based upon the capability of the Department of  Energy's 
Aerial Radiological Monitoring system (ARMS) of which two are i n  continuous service (Doyle 



1976). I t  is assumed that one of these or an equivalent system would be available. The 
system consists of a forty-sensor array w i t h  a computer-assisted data analyzer, a printer 
and a plotter mounted i n  a helicopter. ( a) 

4.10.2 Safeguards Requirements for  the Reprocessing Fuel Cycle 

In the reprocessing fuel cycle large quantities of fissionable and radioactive material 
are handled in a fuel reprocessing faci l i ty ,  and the physical protection requirements for  
the fac i l i ty  and vi tal  materials w i t h i n  it are specified in 10 CFR 73. The general features 
of those requirements are identified i n  Section 3.7. Similar requirements would be enforced 
a t  the plutonium-uranium mixed oxide fuel fabrication plants. 

The waste materials produced a t  these f ac i l i t i e s  are unattractive as 
compared to  the fissionable material i n  the fac i l i t ies .  In addition, a l l  
operations and storage of highly radioactive wastes would be protected i n  
Consequently, these materials would be inaccessible t o  any bu t  authorized 
cessful intrusion, theft and sabotage are improbable. 

targets of theft  
waste treatment 
t l ~ i t a l N  areas. 
persons, and suc- 

4.10.2.1 Safeguards Requirements fo r  the Treatment of Reprocessing Wastes 

High-level waste is not a potential source of fissionable material and could only be a 
target for  theft or sabotage t o  disperse or threaten dispersal of radioactive material. The 
H L W  is an unat t rg t ive  target because of its high radiatton level and inaccessibility. A l l  
handling, storage, and treatment i n  the f ac i l i t y  occurs by remote operations i n  shielded, 
isolated vessels and cells. 

Before it is solidified, HLW m q y  be stored as a solution in shielded tanks in which i t  

is accessible only by remote means. Its intense radioactivity and h igh  heat release rates 
and the maze of f ac i l i t y  support equipment would make unauthorized transfer of HLV .to a 
shielded container and its removal of fs i te  an incredible accomplishment, particularly since 
extensive physical protection measures would also have t o  be overcome. For similar reasons, 
dispersal of HLW onsite by explosives i s  not credible, although the concentration of radio- 
active fission products i n  this waste may make it appear to  be an attractive target. 

With inside assistance, physical protection and access control measures could possibly 
be compromised, and sabotage of the storage f ac i l i t y  could occur. One consequence could be 
a disruption of the waste cooling system and/or electrical system. Self-heating would cause 
the contents to  begin t o  boil i n  about 7 hours and boil t o  dryness i n  about 100 hours. T h i s  
scenario is not considered credible i f  the planned safeguards measures and the safety design 
features of the f ac i l i t y  (which are included to  ensure continuity of HLW cooling) are 

(a) The abi l i ty  of an aerial radiation survey to  detect a spent fuel cask that has not been 
breached and is located inside a f ac i l i t y  depends upon the faci l i ty .  In a single- 
storied, conventionall constructed warehouse or i t s  structurarequivalent, the 
radiation from the cas iI would be readi ly detected i n  an aerial survey. If the truck 
and fuel cask were in an underground garage under a multi-storied building surrounded . .. 
by multi-storied buildings, an aerial survey may not be effective. However, a mobile 
surface survey would be effective i n  detecting this source. 



considered. Sane facil i ty damage and a 300-a (80-gal) spill  to the ground during a 3-hour 
period are considered to be representative of the most serious results from the worst act 
of sabotage (see DOEIET-0028, p. 5.1.37). 

Solidified HLW fran the reprocessing cycle, which contains nearly al l  of the fission 
products and very l i t t l e  plutonium, could conceivably be a target of theft for a subsequent 
threat of dispersal of the radioactive material . However, the handling problems during 
attempted theft are as formidable for HLW as for spent fuel. Heavy shielding and special 
equipment are required to  avoid serious radiation exposure. These factors hake HLW rela- 
tively unattractive for theft for any purpose, regardless of the form. 

The TRU wastes would also be processed or treated i n  vital areas until they have been 
concentrated and/or packaged so they can be transported and stored without hazard. After 
packaging, the low radiation items m a y  be stored onsite i n  protected, access controlled 
areas. The materials i n  packaged form contain only small amaunts of fissionable material, 
and are unattractive targets for theft. Sabotage would require access to the storage loca- 
tion i n  the plant. If sabotage is successful, the faci l i ty m a y  be damaged and the s i t e  con- 
taminated w i t h  'radioactive waste. The contamination is expected to be contaf ned w i t h  l i t t l e  
or no public exposure because of the plant location, s i te  layout, and safety features. 

The principal products of the example dissolver off-gas treatment fac i l i t ies  are the 
radionuc 1 ides krypton-85, carbon-14, and iodi ne-129. The krypton w i  11 be concentrated and 
stored as a compressed gas i n  cylinders and the carbon-14 and iodine-129 w i l l  be adsorbed 
and packaged as calcium carbonate and silver zeolite beds, respectively. 

Krypton-85, a chemically inert .gas, in the packaged form would be a concentrated radio- 
active source. The dose rate a t  the surf ace of an unshielded cylinder would be about 700 
R/hr when fi l led at the treatment plant. Remote operation i n  shielded storage areas will 
be required to process krypton, t h u s  reducing the availability of this waste form and making 
the cylinders relatively inaccessible targets. I n  case of a release, the material rapidly 
disperses and the threat to the health of the general public i s  insignificant. However, a 
cylinder rupture outside the f ac i 1 i t y  would probably result i n  serious exposure t o  nearby 
operating personnel. The massive shielding required during transport provides protection 
against sabotage. . 

Neither carbon-14 packaged as CaC03 nor iodine-129 packaged as a spent silver zeolite 
bed are attractive targets for theft and eventual dispersal, or for deliberate dispersal 
onsite by sabotage. In these forms the carbon and iodine are nonvolatile and nonhazardous 
i n  the amounts handled or treated i n  the facility, and too low i n  concentration t o  be a 
health hazard to  the public if released onsite as a result of sabotage. 

4.10.2.2 Safeguards Requirements for Storage of Reprocessing Cycle Wastes 

. During the period before ultimate disposal, solidif led HLW m a y  be stored i n  water 
basins or i n  surface faci l i t ies  i n  sealed casks. Although the waste% not a source of 
fissionable material, physical protection during storage must be provided t o  deter and pre- 
vent theft or sabotage. The rationale for either theft or sabotage may be t o  disperse or 
threaten to disperse the radioactive contents of the casks or storage facil i t ies.  



,The physical protection requirements for storage of encapsulated solidified HLW i n  
water basins are expected to be the same as those for storage of spent fuel. If the waste 
were stored a t  a reprocessing plant, the fac i l i ty  would be a vital area and i t s  physical 
protection is described i n  Section 4.10.2.1. If the waste were stored a t  a separate water 
basin faci l i ty,  the safeguards evaluation for spent fuel storage, described i n  
Section 4.10.1.2, apply. The risk associated with the possible sabotage of solidified HLU 
i n  water basin storage i s  probably less than for spent fuel. 

If HLW is stored i n  a sealed-cask storage facility, the fac i l i ty  would be protected 
against unauthorized entry, forced intrusion, and sabotage. In such a fac i l i ty  the waste 
canisters are not readily accessible because: 

0 Remote operation is required to handle canisters. 

Massive biological shielding is required to  attenuate canister radiation. 

Facility design features that protect against severe natural occurrences minimize 
accessibility of the unloadinglhandllng areas.(ll 

The consequences to  the public even if a sabotage effort should succeed are, however, 
expected t o  be very small. If a canister of waste is ruptured by explosives, the dispersed 
radioactive material should be confined largely to the storage area because the material is 
i n  a solid for .  and not dispersable except to  the extent t i a t  pulverization occurs from the 
explosion energy. Safety analyses of an accidental rupture of *a HLW canister inside the 
building showed that the'release of radigactive material would be slight and the public 
exposure negligible (see DOE/U-0028, p. 5.4.17). 

Packaged TRU wastes are not attractive targets for theft or sabotage because of the low 
quantities of plutonium and the variable amounts of fission products present. The wastes 
contain radioactive materials i n  concentrations several orders of magnitude below those i n  
spent fuel. Much of it would be packaged i n  55-gal drums or'  large'boxes. The variations 
i n  fission product content wlll result in surface dose rates t h a t  are expected t o  vary from 
below 0.2 R l h r  to  above 10 R/hr. 

A sabotage threat will create concerns over radioactive releases. While sabotage may 
potentially result i n  some releases to the atmosphere, the amounts released would result i n  
no significant health threats to the public. If a sabotage act causes a bitumen fire,  about 
10 gram; of th; fixed waste may be released to the cell,  vault or burial crypt atmosphere; 
lesser amounts wwld  be released to the environment. While an attempted sabotage of TRU 
waste storade that results i n  a f i r e  could be a serious incident, the consequences'to the 
public would be small. 

The overall physical security required a t  s i t e s  containing TRU wastes protects the 
public from willful misuse of this waste. 

A krypton storage faci l i ty  will probably be located adjacent to  the reprocessing plant. 
Physical protection of transportation and the storage faci l i ty  t o  deter and prevent 

(a) Only conceptual plans for such a fac i l i ty  have been prepared. The actual design w l l l  
involve detailed safety and safeguards analyses. 



in t rus ion or  sabotage would be required. The dose ra te  a t  the surf  ace of an unshielded 

krypton cyl inder would be about 700 R/hr when received from the reprocessing plant. A 

remote and shielded storage area w i l l  be required for storage, thus reducing the ava i lab i l -  
i t y  o f  t h i s  waste form and making the cyl inders r e l a t i v e l y  inaccessible targets. 

It i s  possible f o r  acts o f  sabotage t o  rupture a cyl inder o f  krypton during the 

receiv ing or in terna l  t ransfer operations. The consequences t o  the publ ic from such acts, 

however, uould be small because the storage buildings are designed t o  al low the release o f  
krypton through high stacks only. Approximately 104 KC1 o f  krypton-85 might be released 
over a half-hour period. Such a release could r esu l t  i n  s ign i f i can t  exposure o f  workers i n  
the v i c i n i t y  o f  the rupture. 

Successful sabotage o f  the krypton storage c e l l  does not appear credible. The c e l l  
walls, a t  least  two f ee t  thick, are b u i l t  o f  reinforced concrete. However, i f  the wal ls are 
breached by an act  of sabotage and krypton i s  released a t  ground level, the consequences t o  
workers i n  the imnediate area could be serious but the consequences t o  the publ ic would be 

small. 

4.10.2.3 Safeguards Requirements f o r  Transport o f  Reprocessing Cycle Wastes 

So l i d i f i ed  high-level wastes w i l l  be shipped i n  casks designed spec i f i ca l l y  f o r  t h i s  

purpose. A shipment o f  HCW w i l l  contain more f i s s i on  product a c t i v i t y  but  less than 1% o f  
the plutonium included i n  a shipment o f  spent fuel. Physical protect ion requirements f o r  
shipments o f  s o l i d i f i e d  high-level wastes have not been established by the regulatory 

agencies. The actual leve l  o f  physical protect ion required f o r  shipments o f  , s o l i d i f i e d  
high-level wastes w i l l  l i k e l y  be based on the experience o f  successful shipments o f  spent 

f ue l  . 
Shipping casks as cur rent ly  conceived, w i th  designs based on the cask c r i t e r i a  f o r  

shipping spent fuel, o f f e r  s ign i f icant  protect ion against assault and attempted removal o f  
the contents. A cask would weigh a b w t  90 metric tons, w i th  a special cask cover weighing 

a b w t  one metric ton and requir ing special equipment to remove. The cask would be res is tan t  
t o  small arms f i re .  Explosives i n  sophisticated designs and arrangements could penetrate a 

cask. However, the consequences o f  penetration o f  a cask uould be a minor release o f  radio- 
active mater ia l  a t  the s i t e  (DOE-ET-0029, Vol. 2, p. 8.1.5). 

The packaged TRU wastes would be r e l a t i v e l y  unattract ive t o  an adversary because o f  i t s  

high and varied d i l u t i on  o f  radioactive materials. No container or  s ing le  shipment would 
contain more than 40 grams o f  plutonium, and the material, when immobilized i n  concrete or 

bitumen or i n  some other non-dispersible form, would not be a threat t o  the publ ic as a dis- 
persible radioactive contaminant. If sabotage o f  a shipment occurs, the release o f  radioac- 

t i v e  materials even under severe conditions i s  expected t o  be small (DOE-ET-0029, Vol. 2, 
p. 8.1.5). - 
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5.1 

CHAPTER 5 

GEOLOGIC DISPOSAL 

I n  t h i s  chapter, the concept of a conventionally mined deep underground reposi tory f o r  

disposal o f  spent fue l  and/or f ue l  reprocessing wastes i s  described. The status o f  the 
technology i s  described as are uncertainties tha t  require resolut ion and addit ional informa- 

t i o n  that  would improve confidence i n  the concept. A descript ion of a conceptual reposi tory 

f o r  spent f ue l  or f o r  f ue l  reprocessing wastes i s  given. An analysis i s  presented o f  the 

environmental impacts associated with construction and operation o f  repositories i n  repre- 

sentative media. Several types of fa i lu res o f  reposi tor ies i n  the long term have been 

hypothesized t o  bssess societal r i sk .  A descript ion o f  do l lar  costs of reposi tor ies i s  also 

presented. The concern f o r  safeguards i s  reviewed. F ina l ly ,  the environmental impacts are 

sumnarized i n  terms o f  the i r revers ib le  and i r re t r ievab le  commitment of resources and i n  

terms o f  unavoidable adverse impacts. 

5.1 DESCRIPTION OF ME GEOLOGIC DISPOSAL CONCEPT 

Geologic disposal o f  radioact ive wastes, as used i n  t h i s  Statement, i s  the disposal o f  

radioactive wastes i n  conventionally mined reposi tor ies deep w i th in  the geologic formations 

o f  the earth. Included i s  the concept of mul t ip le  bar r ie rs  t o  provide a series o f  indepen- 

dent barr iers  t o  the release o f  radionuclides t o  the biosphere. 

The mul t ip le  barr iers  tha t  could contain nuclear waste i n  deep mined reposi tor ies f a l l  

i n t o  two categories: 1) geologic or natural  bar r iers  and 2) engineered barriers. Geologic 

barr iers  are expected t o  provide i so la t ion  of the waste f o r  a t  least  10,000 years a f t e r  the 
waste i s  emplaced i n  a reposi tory and probably w i l l  provide i so la t ion  f o r  m i l l en ia  there- 

after. Engineered barr iers  are those designed t o  assure t o t a l  containment o f  the waste 

w i th in  the disposal package during an i n i t i a l  period during which most o f  the intermediate- 

l i ved  f i ss ion  products decay. This time period might be as long as 1000 years i n  which case 

the rad ia t ion leve lsand  heat generation rates o f t h e  t o t a l  waste would drop by factors of 

approximately 1,000 and 100, respectively. Engineered barr iers  must be designed t o  with- 

stand the more severe rad ia t ion and thermal conditions encountered i n i t i a l l y .  

Two important components o f  the geologic ba r r i e r  t o  be considered i n  s i t i n g  are the  

host rock i t s e l f  and the geologic surroundings. Properly chosen rock structures provide 

physical and chemical propert ies tha t  contr ibute t o  reposi tory strength. Su f f i c ien t  repos- 

f to ry  depth and l a t e ra l  extent o f  the rock mass contr ibute t o  the iso la t ion capabi l i ty  o f  

the repository. Tectonic s t a b i l i t y  and a noncanmunicating hydrologic regime cambine w i th  

rock propert ies t o  maintain reposi tory strength and i solat  ion in tegr i ty .  The geologic bar- 

r i e r s  can be selected through the si te-select ion process t o  provide - a stable long-term envi- 

ronment f o r  the uaste that  i s  not l i k e l y  t o  be disturbed by natural events or human 
act iv i t ies .  



This secti  on provides an overview of general considerations i n  the design and location 
of geologic repositories. Additional details including references to  specific studies in 
the l i terature are given i n  Appendix B of Volume 2. Details of both engineered and natural 
barriers to waste release are also presented. 

5.1.1 Factors Relevant to  Geologic Disposal 

Six factors relevant to  geologic disposal are: 

1. Depth of repository below the land surface. Presently it is assumed that  a range 
of from 600 to 1,000 m of earth material will exist between the repository and the 
land surface. T h i s  w i l l  provide a barrier between the waste and the biosphere and 
protect the repository from huian activities. Dimensions of the host rock, are 
also considered so that the repository will be buffered by rock material la teral ly 
and below as well as above it. An a r t i s t ' s  conception of a repository is shown 
together w i t h  more familiar structures i n  Figure 5.1.1. 

2. Properties of the host rock. The physical, chemical, and thermal properties of 
the host rock determine the rock's capability to  isolate and contain the waste and 
reduce unwanted interactions between the rock and waste. These possible interac- 
tions include radiation effects on the rock and chemical and physicochemical 
interactions. Important rock characteristics include strength, permeability, 
thermal conductivity and expansion, and radiation resistance. 
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FIGURE 5.1.1. Deep Underground Geologic Waste Repository 



Tectonic s t a b i l i t y  o f  the repository area and region. Proper consideration of 

t h i s  important factor wi 11 reduce the l ike l ihood .o f  deformation or  disrupt ion o f  

the host rock and thus increase the p robab i l i t y  o f  reposi tory in tegr i ty .  

Hydrologic regime ( i  .e., surface-water and ground-water consi derations), This i s  

important because the existence o f  connected water channels could provide potent i  a1 
pathways f o r  waste transport away from the repository. c 

Resource potent ia l  o f  the repository s i t e  and area. A low resource potent ia l  i s  

desirable t o  avoid loss o f  any economic resource by the reposi tory existence and 

to reduce' the l ike l ihood of future exploration ac t i v i t i e s  for resource rkovery .  

The mu l t iba r r ie r  safety feature. This combines the redundant fso la t ion features 

provided by the rock properties, the geologic setting, and engineered barr iers  t o  

give overal l  added confidence t ha t  the  waste w i l l  remain isolated. 

These s i x  factors are discussed i n  the fo l lowing sections. 

5.1.1.1 Disposal Media Properties 

Four geologic media are examined i n  t h i s  Statement t o  i l l u s t r a t e  a range o f  rock prop- 

e r t i es  f o r  a radioactive waste repository: s a l t  deposits (bedded and dome), granite, shale 

. and basalt. A11 four  rock types possess propert ies t ha t  are favorable f o r  waste isolation. 

These, as wel l  as some unfavorable characterist ics, are discussed i n  the fo l lowing pages. 

For the purpose o f  t h i s  Statement, the physical propert ies o f  a disposal medium 

describe the character ist ics o f  both the host rock and surrounding rock mass. The disposal 

rock materlal i s  characterized i n  terms o f  i t s  texture, i.e., the size, shape, and arrange- , 

ment o f  the component c rys ta l  grains. Texture i s  a consideration i n  the assessment o f  a 

medium's behavior under stress and heat, and i t s  hydrologic f low potential. 

Rock mass structures include the d iscont inu i t ies  o f  bedding and jo ints.  Bedding 

re fe rs  t o  va r i  ations i n  texture because of changes i n  the sedimentation process by which 

the rock was formed. It mqy be present i n  both sedimentary and metamorph .c rocks, Joints 

are fractures along which l i t t l e  or  no displacement o f  the rocks has occurred. They are 

generally formed by extensional release o f  confining earth pressures. Descript ive features 

o f  these discont inui t ies include orientation, width, spacing, f i l l i n g  material, waviness, 

and extent (length). The potent ia l  for  the transport o f  waste materi a1 correlates w i th  the 

number and extent of host rock discontinuit ies. 

The rock propert ies o f  pr inc ipa l  i n te res t  for waste disposal are those re la ted t o  

strength, stress-strain, thermal, and hydrologic characterist ics. These propert ies and 

character ist ics are discussed and presented i n  tabular form i n  Appendix 8. For comparative 

purposes index propert ies defined as un i t  w i g h t  and natural  moisture content are included 
i n  the tabulation. 

Substanti a1 strength i s  desirable f o r  engineering d@si gn o f  sub3urf ace reposi tory 

f aci 1 i t ies ,  especi a1 l y  i n  maintaining tunnel in tegr i ty .  Strength propert ies provide the 

du rab i l i t y  o r  resistance of a material t o  processes such as erosion and weathering and 



breakdown into component minerals. In general, the greater the strength, the greater the 
ability to resist  weathering. Parameters representative of strength include cohesion or 
friction angle, uniaxial compressive strength, and tensile strength. 

Stress-strain properties indicate the deformation characteristics that a material will 
exhibit under stress. Parameters that describe the nature of the deformation of a disposal 
medium include Young's modulus, Poisson's ratio, bulk modulus, and shear modulus. These 
parameters are significant i n  the analysis of an darth material's strength, durability, and 
use properties, such as mineability, for isolation. The desirability of (or, trade-offs 
between) a highly defonnable medium versus a rigid disposal medium for isolation purposes 
is unresolved. The ability of an earth material to deform and seal discontinuities t o  fluid 
flow i s  desirable. Conversely, a rigid earth materi a1 i s  important t o  the stability of the 
repository tunnel opening. I 

Thermal properties indicate an earth material's ability to absorb and conduct heat away 
from radioactive waste. Knowledge of these properties w i l l  allow the evaluation of the 
'effect of the heat upon the integrity of the disposal medium. Pertinent thermal parameters 
are coefficient of linear thermal expansion, heat capacity, and thermal conductivity. Heat 
can physically al ter  an earth material by causing expansion, which, i n  a confined disposal 
medium, can jeopardize isolation. For example, too much expansion of the rock might frac- 
ture the overburden above the repository. The degree of expansion is dependent on the 
ability of  a host rock to  dissipate heat and dependent on the amount of expansion for a 
given temperature change. 

Hydrologic properti es are essential to assessing the potential for f l u i d  flow. They 
are evaluated by the parameters.of permeability, hydraulic gradient, and porosity. 
Restriction of transport of radionuclides requires as lw a permeability as possible. 

A host rock is 'an aggregate, composed of one or more naturally occurring minerals and 
chemical compounds. The constituents provide the chemicals for potential reactions of the 
host rock ~ i t h  the waste mater:~l. These possible reactions may increase isolation by pre- 
cipitat i-  o of insoluble materials or decrease it by converting radioactive waste into sol- 
uble compounds. Possible chemical reactions among disposal media, intergranular fluids, and 
waste must be defined and evaluated for their effect on isolation. 

Disposal media of salt,  granite, shale, and basalt are examined here and represent only . selected sample of candidate host rock types. Other host rock types m a y  also meet the 
requirements for media properties and distribution. Additional media can be grouped is hav- 
i n g  properties similar to  those of the example media. Associated disposal media are grouped 
as 1) salt: anhydrite, gypsum; 2) granite: general crystal line rock, granodiorite; perio- 
dotite, gneiss, syenite; 3) shale: general argillaceous rock, carbonate; and 4) basalt: 
gabbro and some tuffs. 



5.1.1.2 Generic Basis for Repository Stte Selection 

This section presents the generic basis for repository site selection and the design 
of the repository. Characteristics most desirable for site selection and how they relate 

to design are discussed. Criteria necessary for development of siting criteria and reposi- 
tory waste form design are presented. 

The most important site-selection factors can be derived from the six geologic con- 
siderations given in Section 5.1.1.1. In general, the most important factors are the hydro- 
logic regime, the tectonic regime, the multibarrier concept, and the thermal, physical and 

properties of the host rock. For any particular location, site-specific con- 
siderations peculiar to that site might be different and muld take precedence. 

The si te-selection process will proceed in stages as described below. Program scien- 
tists will select regions, areas, and sites, in that order, by their meeting defined 
requirements. Each stage of the sfte-selection process will add to the geologic information 
avail able for the preceeding stage and will better define uncertainties. Therefore, the . 
site-selection process wi 11 yield progressively more significant data; that is, each phase 
of  the process will further characterize site-specific considerations, thus reducing 
uncertainties. 

The following criteria are suggested for repository site selection to assure that the 
natural bat-ri ers function as planned: 

The repository site shall be located in a geologic'environment with geometry 
adequate for repository placement. 

The repository site shall have geologic characteristics compatible with waste 
isolation. 

The repository si te shall have subsurf ace hydrologic and geochemical characteri s- 
tics compatible with waste isolation. 

The repository site shall be located so that the surficial hydrologic system, both 
during anticipated climatic cycles and during extreme nat"ra1 phenanena, shall not 
cause unacceptable adverse impact on repository performance. 

The repository site shall be located in a geologic setting that is known to have 
been stable or free from major disturbances such as faulting, deformation and 
volcanic activity for long time periods. 

The repository site shall be located in an area that does not contain desirable 
or needed mineral resources, or to the extent presently determinable, resources 
that may become valuable in the future. 

Regional studies of stratigraphy and structural geology will be conducted to aid in 
site selection. Stratigraphy is the general characterization of the sequence of rock types 
both vertically and laterally. Structural geologic studies determhe orientation of the 
rock units in space, direction of dip, configuration of folds, and the characteristics and 
attitudes of faults, joints, and other discontinuities. Adequate description of the 



geologic setting may require extensive geologic mapping, some field exploration, and remote 
sensing surveys, especially i n  areas that are not yet thoroughly studied. 

5.1.1.3 Generic Basis for Repository Design 

Several conceptual designs for repositories have been proposed. The surf ace structures 
of a repository do not present unique engineering problems. The typical conceptual design 
of  the underground portion of a repository consists of numerous excavated storage rooms ( a t  
one or more levels) interconnected by tunnels which serve as transportation and venti 1 ation 
corridors. The undisturbed rock masses that separate the storage rooms are called p i l l b s .  
Boreholes w i l l  be drilled into the floors (and possibly walls) of the rooms. The waste w i l l  
be placed i n  these boreholes. The repository levels are reached from the surface handling 
fact 1 i ti es through vertical shafts. I 

The integrity of a repository will depend largely on the state of stress level i n  the 
rock, the ground-water flow, the strength of the rock, heating and radiation effects from 
the wastes, and the l&at of the excavations and the disposition of the waste w i t h i n  them. 
A large body of pertinent data exists which presents and analyzes each of the above factors. 
The results indicate that there are no fundamental geological or mechanical reasons why 
excavated repositories should not be used a t  suitable si tes i n  rock. 

The cost of excavating the repository and the cost of rock support system depend on 
several interrelated geologic ' factors: rock strength, rock fractures, rock hardness, rock 
permeability, rock heating by decay of radioactive nuclides, the' state of rock stress, the 
depth of waste placement, and others. The extent to which these factors influence cost is 
difficult to  determine i n  advance of construction; unforeseen ruck  conditions are often 
encountered i n  conventional mining operations and in sane cases can significantly change the 
design and the predicted cost. Cost estimates for geologic repositories are given i n  Sec- 
tion 5.6 of th is  Statement. 

5.1.2 Engineered Barriers 

The multiple barrier concept of waste isolation and containment includes both natural 
geologic and engineered barriers. Various a sps  ts of engineered barr iers are discussed 
this section. 

5.1.2.1 Engineered Barriers--Waste Package System 

The term "waste package* as used i n  t h i s  Statement includes everything that is placed 
i n  the waste emplacement hole, e.g., the solidified waste form, canister, overpack, filler 
and backfill materials, and hole sleeve. The function of the waste package is to: 

Contain the waste for periods sufficient to allcu most of the fission products to  
decay to very low levels.. - 
L i m i t  the rate of release of radionuclides to the near-field (within the reposi- 
tory proper, see p. K.4) host rock system. 



0 Limi t  access o f  water t o  the'  waste and thereby prevent or minimize wastehock/ 

leachant interactions. 

The functions and materials use f o r  waste package components can be t a i l o red  t o  speci- 

f i c  s i t e  needs and environmental factors. A conceptual representation o f  a waste package 

system i s  given i n  Figure 5.1.2. Not a l l  o f  the components shown here would necessarily be 

used i n  a l l  circumstances; the f igure i l l u s t r a tes  the d i f fe ren t  kinds o f  bar r iers  tha t  can 

be engineered i n t o  the waste package. The overlying p r inc ip le  i s  t o  design i n t o  the package 

as much redundancy as required by character ist ics o f  the waste t o  be contained and the char- 

ac te r i s t i cs  o f  the natural geologic system. 

Haste Package Functions 

One may envision how the waste package i s  designed t o  function by considering the case 

of ground water intruding i n t o  the repository. A basis f o r  reposi tory s i t e  select ion w i l l  

be remoteness from aquifers, so the amount o f  water should be small. If water intrudes i n t o  

the repository it would f i r s t  encounter the back f i l l ,  which can be designed t o  be r e l a t i v e l y  

impermeable t o  water by reason o f  i t s  physical and chemical properties. Any water passing 

through the b a c k f i l l  would encounter a sleeve or  overpack, or both, made o f  corrosion- 

res is tan t  materials. As a fur ther  redundant measure, the canister i t s e l f  would act  as a 

physical barr ier .  I f a l l  these sequential bar r iers  t o  water i n f l u x  were t o  f a i l ,  the waste 

form i t s e l f  would be a bar r ie r  because o f  i t s  low s o l u b i l i t y  and resistance t o  leaching. 

If sane nuclides w.ere mobilized by ground water, they then would have t o  t rave l  through 

damaged package components u n t i l  they reached the b a c k f i l l  again. The b a c k f i l l  may then 

function as a sorptive bar r ie r  t o  re tard or minimize transport o f  selected nuclides. Thus, 

the t o t a l  waste package system can be designed t o  minimize the nuclide inventory entering 

the natural system, by chemically and physical ly l i m i t i n g  nuclide mob i l i t y  and by delaying 

GEOLOGIC BARRIERS 

FIGURE 5.1.2. Conceptual Waste Package '- 



releases so that  substantial nuclide decay occurs before entering the geologic system where 
the natural barriers would prevent or delay releases t o  the biosphere. 

5.1.2.2 Waste Packaqes Components 

Components of a generalized waste package were shown in Figure 5.1.2. The following , 

discussion addresses each component separately; however, it is the performance of the ent i re  
system of components taken as a whole that  is of most importance in the f ina l  analysis. 

Waste Form 

The waste forms include a l l  radioactive materials tha t  may potentially be sent t o  deep 
geologic repositories, and are divi ded into three major categories: spent fuel, high-level 
waste and TRU waste forms, which are described in more detail  in Sections 4.3.2, 4.3.3, 
and 4.3.4, respectively. The current primary emphasis on waste package design is fo r  spent 
fuel and for  HLV, the reference waste forms considered throughout the following discussion. 
Due t o  their  h igh  radiation levels and heat generation, spent fuel and HLW place the most 
stringent requirements on the waste package. However, when most of the fission products 
have decayed (a f te r  a few hundred years), the properties of the TUU waste become dominant. 

The waste form is an inert  solid designed t o  be chemically, thermally and radiolyti- 
cal ly  stable. The waste form i t se l f  is the first containment barr ier  for  the waste. 

Canister 

The canister provides physical containment for  the waste forms and thus isolates  the 
waste frun near-field surroundings. The extent t o  h i c h  the canister can delqy or mintmite 
waste-water interactions is important. Moreover, the canister is expected t o  provide physf- 
cal protection during i n t e r i m  storage, transportation, handling, emplacement, and any waste 
retrieval operations that may be required. The canister material chosen must be' compatible 
w i t h  the waste form. The ductility, weldability and impact resistance of metals make them 
primary candidates as canister materials. 

High-level waste forms will generally f i l l  the canister 80 t o  90% ful l .  The remaining 
space w i l l  be occupied by air.  Stabilizer materials are being considered for  use in spent 
fuel canisters. Gaseous stabilizers,  such as helium, have been considered from the stand- 
point of providing a heat transfer medium without causing chemical or mechanical attack on 
the spent fuellcladding assembly or the canister. Particulate or solid s tabi l izers ,  such 
as lead, glass, clay, or sand, can provide additional functions, including maintaining the 
position of the spent fuel within the canis te r ;  preventiig canister collapse under litho- 
s t a t i c  pressures; acting as a corrosion resis tant  protective barrier; improving heat trans- 
fer ;  increasing radiation attenuation; and enhancing nuclide sorption. 

Overpack 

The overpack i s  similar in  principle t o  the canister. An overpack offers several 
options to  the package designer: it may function as a redundant canister, applied ( i f  
necessary) for  a l l  stages of package handling, transportation, and emplacement; i t  can 
exhibit corrosion or mechanical properties superior to  those of the primary canister,  



thereby providing a l l ,  or a major part, of the resistance to the environment required by the 
package longevity criterion; i t  can provide a degree of uniformity to a variety of canister 
types, applied at the repository to accmodate acceptance criteria. The canister and over- 
pack together can be referred to as the wcontainer.* 

Overpacks for use i n  the repository are designed especially for chemical durability, 
w i t h  less emphasis on properties such as impact resistance that are mainly importaqt during 
handling and transportation. Thus, a wide range of materials, i n  addition to metals, are 
being studied. These include various ceramic materials, graphite and carbon materials, a 
wide variety of glasses and specially selected cements. 

Emplacement Hole Backf i 11 

Backfill materials are designed to ful f i l l  one or more of several functions: 

Sorbing the limited amount of uater that may be present i n  a repository rock, 
e.g., from brine inclusion migration i n  salt.  

Impeding the movement of intruding ground water to and fran the waste package. 

Selectively sorbing radioiostops from ground water i n  the event of the canister 
breach. 

Modifying ground-water chemistry and composition (e.g., pH, Eh, etc.) t o  reduce 
corrosion rates or minimize waste form leaching. 

Providing mechanical relief by accomnodating stresses on the waste package induced 
by rock movement. 

Serving as a heat transfer medium. 

Several layers of f i l l e r  or backfill material can be utilized, if desired, as shoun In 
Figure 5.1.2; thus, different materials specially designed for specif ic purposes can be 
included, for optimum functioning of the overall waste package system. Most of  the filler 
or backfill materials. being considered are naturally occurring clays, sand or crushed rock 
that are readily avail able i n  large quantities. 

In addition to backfill i n  the emplacement holes, backfill material is also placed in 
rooms and corridors when the repository i s  closed. The room and corridor backfill, depend- 
ing upon the material and method of emplacement, can perform the same functions described 
for the hole backfill. The degree of structural support provided m q y  be important i n  pre- 
serving repository integrity by limiting the subsidence o f  room and corridor ceilings. The 
permeabll i t y  and porosity of the backfill material may affect the amount of water entering 
the repository and the time it takes for the repository to becane saturated. 

Mechanically emplaced crushed rack i s  used for backfilling the conceptual repository 
described i n  this Statement. The use of. an engineered sorption barrier as 
cussed i n  Appendix K. Other backfill materials and method; of emplacement 
NUR EG/CR-0496 ( NRC 1979) - 

backfill is dls- 
are discussed i n  



Hole Sleeve 

The function of hole sleeves is to maintain open emplacement holes In the repository 
floor for  easy package insertion and retrieval. This  may be important i f  the geologic 
medium is plastic, e.g., s a l t  or certain shales. In some cases the sleeves could function 
simply as barriers that, because of their size and bulk, are more earl ly constructed i n  situ 
than transported and empl aced w i t h  the waste canisters. Examples of sleeve configurations 
include cast iron caissons, massive shells of special cements cast i n  place, or impervious 
graphite vessels specially bedded in the surrounding rock. 

5.1.2.3 Haste Package Development and Assessment 

Although most of the ideas incorporated in the multibarriered waste package j u s t  
described are not  new, wide-spread acceptance of the waste package concept is a relatively 
recent development. A study done in Sweden between 1976 and 1978 did a great deal to pro- 
mote acceptance of the concept. 

The Swedish Approach t o  Waste Package ~ e r i g n  

In Apri l  1977 the Swedish Parliament passed a law which stipulated that new nuclear 
power units could not be pu t  into operation unless the owners were able to show that the 
waste problm was solved i n  a completely safe way. I n  anticipation of Parliament's action 
the Swedish pcwer Industry formed the Nuclear Fuel Safety ProJec t (KBS) i n  December 1976 to  
prepare a response to the government (KBS 1978). A primary objective of .the KBS project war 
to  demonstrate how high-level waste or spent fuel can be handled and finally isolated. The 
study met this primary objective, and although the results were directed to  the specific 

' 

needs of one country and assumed a repository located i n  granite since that type of rock is 
widely available i n  Sweden, the concluslons about the expected performance of the waste 
packages can have a wider application. 

The KBS decided to  place reliance on containment for periods of 1,000 yr and 10,000 yr 
for HLW and spent fuel, respectively; thus, design of the waste package received heavy 
emphasis. More durable containment for the spent fuel was sought becau'se it produces signi- 
ficant amounts of heat for a, longer time than does HLW. 

In the proposed Swedish waste management scheme for HLH, the fuel is reprocessed 2 to  
10 yr after it is taken from the reactor (KBS 1978, pp. 30-34). The HLH is then vitrified 
and i s  placed In cylindrical stainless steel canisters that are stored a t  the reprocessing 
plant for a t  least 10 yr. After this ini t ial  storage period, the canisters are shipped t o  
an underground air-cooled dry storage faci l i ty  i n  Sweden, where they remain for about 30 yr. 
Then the packages are prepared for disposal by encapsulation i n  6-mn-thick titanium over- 
packs. To reduce the intensity of fadlation emanating from the packages and hence the 
radiolytic deconposition of the ground water eventually expected to  surround the package, a 
10-cm-thick[ layer of lead is placed between the steel canister and the titanium overpack. 
The packages, now ready for disposal; would be placed i n  holes approximately 1 m fn-diameter 
and 5 m deep i n  the floors of tunnels i n  a granite repository approximately 500 m below the 
surface of the ground. Backfill consisting of a mixture of quartz sand and bentonite is 



packed around each package. After 'all holes are filled, the entire tunnel system is  filled 
w i t h  s mixture of sand and bentonite similar t o  that used i n  the storage holes. 

A 'reference groupm made up of members of the Swedish Corrosion Research Institute 
concluded that the'stainless steel/lead/titanium composite canister could be expected to 
remain intact for 500 to 1000 yr, even when very pessimistic assumptions were used (KBS 
1978, p. 110). 

A t  least two waste package designs appear capable of achieving the longer l ife sought 
for spent fuel disposal. In one design the spent fuel is  encapsulated, after about 40 yr 
of interim storage, i n  copper canisters 77 cm i n  diameter w i t h  walls 20 cm thick (KBS 1978). 
The other design utilizes a synthetic corundum (Alp03) canister. A feasibility study has 
shown that i t  is possible to manufacture such canisters using hot isostatic pressing. Each 
canister would have an interior diameter of 0.3 m, a 100-mn-thick wall, and be about 3 m 
1 ong . 

Although the Swedish waste disposal packages m q y  be more complex than some packages 
now under study, they have served t o  increase our understanding of long-term package 
performance. 

5.1.2.4 Current Status of Waste Package Development i n  U.S. 

Extensive testing and development studies on various Individual barrier components of 
the waste package system, under expected conditions of geologic isolation, have been i n  pro- 
gress for several years. These studies are being conducted i n  industrial and national 
laboratories and i n  universities. While most of the studies are not complete, data and 
results generated during the past few years indicate that components of the waste package 
system, individually and i n  combination, can prevent or minimize release of radionuclides 
outside of the repository by functioning as effective chemical and physical barriers 
(Katayama 1979, Ross and Mendel 1979, Braithwaite and Molecke 1978, McCarthy et al. 1979, 

Magnani and Braithwaite 1978 and Nowak 1979). 

Through laboratory materials performance evaluation under realistic repository environ- 
mental conditions and accelerated aging tests, a number of waste package candidate materials 
are being selected. Follwing laboratory testing, nonradioactive bench-scale experiments 
and radioactive hot  cell experiments are planned. These tests employ small -scale mockups 
of complex systems or groups of system components to investigate the influence of components 
upon each other. For example, leaching/corrosion studies utilizing a scaled down canister 
of an actual waste form w i t h  rocks and ground waters are i n  progress (ONWI-9(4)). 

The logical culmination of a series of studies investigating waste package material 
performance and qualification is  a field test specific to each repository rock type which 
involves all components of the uaste package. The extent of field testing will be deter- 
mined from the analysis of earlier results. Various aspects of required laboratory and 
field tests have been described by the U.S. Geological Survey and the-DOE In the Earth 
Science Technical Plan (DOEAISGS 1980 ). A Waste Package Design, Development, and Test Plan 
is being formulated to direct development efforts i n  an effective and timely manner. An 



integral par t  of t h i s  plan is the development of  coordination among and standards t o  be fol-  
lowed by researchers and waste management program ent i t ies  w i t h  respect t o  testing proce- 
dures and materials certification. Review and integration en t i t ies  are defined to include 
a Materials Steering Committee, a Materials Review Board, a Materials Characterization Cen- 
ter,  and an Independent Measurement Standards Laboratory (Hindman 1980). This organization 
and plan w i l l  help assure tha t  waste package design, development and testing program will 
produce suitable packages tha t  meet established requirements. 
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5.2 STATUS OF TECHNOLOGY AND R&D 

Research and development is underway to address the data needs of waste isolation 
identified in this Statement. In conducting R&D for waste isolation, a technically conser- 
vative systems approach is being used, with emphasis on scientific peer review of the acti- 
vities along with public review, such as the public comment activities of this Statement. 

An important document supporting DOE'S R&D effort is the Earth Science Technical Plan 
(ESTP) for Disposal of Radioactive Waste in a Mined Repository (DOE/USGS 1980). The ESTP 
was prepared by a group consisting of scientists from USGS, WE and DOE contractors. This 
group has comprehensively reviewed RbD to define work that may improve the reliability of 
is01 ating nuclear wastes in a mined geologic repository, and has recomnended programnatic 
activities. The ESTP describes R&D programs sponsored by DOE and the U.S. Geological Sur- 
vey. The work in progress involves 76 RM) contractors (including 20 universities and 
7 national laboratories). While the key work in progress is discussed in the paragraphs 
below, the reader is referred to the ESTP to gain more complete perspective on the ongoing 
R&D activity. Parallel studies sponsored by NRC, EPA and the utility industry are in pro- 
gress in the United States and in foreign countries (particularly Sweden, Federal Republic 
of Germany, France, Great Britain, Japan and Russia). 

The following sections provide a general discussion of the current status of technology 
and the R&D activity and requirements for the geologic site selection, waste package, and 
repository system. 

5.2.1 Geoloqlc Site 

Geologic site selection involves characterizing promising areas of the United States 
as possible locations for repository facilities for radioactive waste (see also Sec- 
tion 2.3). During site selection or qualification, certain factors or criteria necessary 
for adequate performance of the natural system must be considered. Such factors or re- 
quirements are sumnarized in the "NWTS Criteria f ~ ?  the Geologic Disposal of Nuclear 
Wastes: Site - Qua1 if icati'on Criteria (ONWI-33(2), 1980). * These requirements are being 
used by DOE to guide its site selection or qualification activities until such time as 
formal licensing criteria are adopted by the Nuclear Regulatory Comnission and the 
Environmental Protection Agency. 

Much of the data base for site selection is available. These data include topography, 
records of seismic activity and volcanism, hydrology, and presence of the natural resources. 
Other data, including depth to a potential emplacement zone, areal extent of rock type, 
attitade (dip, inclination), and the nature of the contiguous formations are developed at 
specific sites. Ground water, as the principal agent for transport of radioactive waste to 
the biosphere, has received intensive study and research over the past decade. The prin- 
ciples that govern its occurrence, movement and related rates of supply and usage are well 
established. While major aquifers and their distribution and properties are known, addi- 
tional study using accepted techniques can define regional and local flow systems 
adequately. 

(a) Section 2.3 describes the present National Site Characterization and Selection Plan. 



Specific topics elaborating on s i te  selection cr i ter ia  and the supporting R&D addres- 
sing these matters are discussed belaw. Supporting UD projects are listed by organization 
in Appendix L of Volume 2. 

5.2.1.1 Methods for Regional Geologic Studies 

Geologic studies will identify, for a specific region, area and site, the current state 
of stability and the geologic processes which have acted i n  the past. Based on this infor- 
mation along w i t h  repository design, the projection and probability for the future stabil i ty 
of the specific s i t e  will be estimated (see Appendix L). . 

General geologic conditions i n  the United States are well known and have been exten- 
sively described (Geologic Society of America, current listings), Exploration for mineral 
resources--notably oil,  gas, coal, and metal s--by private industry provides much information 
about sub-surface geologic conditions, i n  many instances to depths approaching 10,000 m (Am. 
Assoc. of Petroleum Geologists, current listing). The construction of nuclear reactors, 
which must meet stringent licensing requirements, has resulted i n  detailed geologic evalua- 
tions of areas i n  the Eastern, Midwestern, and Far Western United States (FUGRO, Inc., 
1977). Moreover, various universities have developed as centers of detailed geologic Infor- 
mation on specific subjects. The accumulated knowledge is sufficient to identify areas i n  
the United States that meet many of the requirements (Section 5.2.1) for radioactive waste 
repositories. 

5.2.1.2 Methods for Site Analysis 

In genera?, geologfc studies are the mechanism by which available data about the sub- 
surface environment are synthesized and coordinated to  assess whether the stratigraphic and 
structural settings of a proposed s i te  are suitable for a waste repository. Remote sensing 
and geophysical studies are conducted to support t h i s  activity. Geologic fnterpretations 
are the basis for defining models by which the hydrologic, geologic, geochemical, thermal, 
and mechanical characteristics of a reposi tory are assessed. 

Geophysical Surveys 

Geophysical surveys are an integral part of s i t e  selection and characterization 
studies. Many of the geophysical techniques utilized by the petroleum and mineral indus- 
t r ies  have been applied to the search for geologic repositories. The broad categories of 
exploration geophysics sumnarized i n  this subsection are gravity, magnetic, electrical , and 
seismic methods.. In addit ion, well logging and borehole geophysics are discussed. 

There currently exists a wide variety of geophysical techniques available for s i t e  
selection and characterization. Geophysical surveys are a well established part of expl ora- 
tion prospecting and proper evaluation can provide extensive information about subsurface 
geologic conditions. Such surveys are especially valuable i n  repository investigations 
because they permit investigation of subsurf ace conditions without extensive drilling. 



Gravity analysis can detect small variations i n  the earth's gravity f ield (Dobrin 
1960). The variations of principal interest to  repository s i t ing resul t  from lateral varia- 
tions i n  subsurf ace rock density. Density variations may result  from deformed strata ,  
faults,  igneous intrusives, diapirs, breccia pipes, or lithologic changes. 

Magnetic methods detect variations i n  the earth's magnetic f ie ld  (Dobrin 196O).The mag- 
netic variations (anomalies) of interest t o  s i t e  studies are due t o  lateral changes i n  mine- 
ral content (especially magnetite) or t o  variations i n  the remnant magnetism of igneous 
rtcks. subsurface structures l ike  anticlines or faul ts  can be detected if they resul t  i n  
lateral changes of the above properties (Fabiano 1976). . 

A variety of electrical methods (Dobrin 1960 and Keller 1966) are used i n  geophysical 
exploration; a l l  depend upon detecting variations i n  the electrical res is t iv i ty  of the media 
through which a current +lows. subsurface resis t ivi ty i s  highly variable and strongly 
influenced by the amount and the nature of fluids i n  the rocks. For this reason, such 

. hydrologic features as dissolution of- sa l t ,  ground-water tables, and porosity variations are 
particul arty amenable to electrical prospecting methods. 

Seismic exploration methods are perhaps the most useful geophysical tools for  obtaining 
accurate representations of the subsurface geology a t  individual s i t e s  (Dobrin 1960). They 
rely on the reflection or refraction of seismic (acoustic) signals due to  contrasts i n  velo- 
c i t y  or acoustic impedance (the product of seismic velocity and rock density). Acwstic 
signals are usually introduced into the earth by explosive sources or vibrating or impacting 
masses. Seismic reflection surveys are particularly useful i n  mapping the atti tude and con- 
t inui ty (or lack thereof) of subsurface rock beds. Other methods and equipment util ized for 
seismic reflection can be selected for the specific s i t e  and parameters (i.e., depths, 
dimensions) of interest: These parameters are often defined to  provide information from 
depths of more than 1,000 meters (Vail e t  al. 1978). Special f ield parameters and techni- 
ques (high-resolution seismic) are avail able to explore accurately the shallower depths of 
interest for repositories. 

Geophysical logs i n  well bores are a powerful tool for correlating and interpreting 
subsurf ace geologic conditions, including the condition and f l u i d  content of subsurface 
rocks (Dobrin 1960). They supplement cores and rock samples and furnish a vertically con- 
tinuous record of certain physical properties for  each borehole. Many types of logs are 
used. Focused res is t iv i ty  logs provide a reliable measure of in-situ rack and f luid charac- 
ter is t ics .  Microresistivity logs measure the properties of small volumes of rock just 
behind the borehole wall and thus permit the bcundaries of permeable and/or electr ical ly 
resistive formations to  be sharply defined. Gamna-ray logs indicate the clay content of 
various formations and are valuable i n  making lithologic interpretations i n  c las t ic  rock 
sequences. sNeutron logs are useful foy identifying porous rock s t ra ta  and rock densities. 
These logs respond mainly to  the hydrogen content of the formation and Indicate the presence 
of water, oi 1, or hydrogen-bearing minerqls. Acoustic logs measure-the velocity of sound 
i n  rock units and can also help determine the porosity of a formation. 



Hydro1 ogic Technology 

The role of hydrologic studies i n  s i t e  exploration can be separated into three overlap- 
ping areas: 1)  two-dimensional characterization of the surf ace and ground-water systems for 
the region or hydrologic basin i n  uhich the s i t e  is  located, 2) three-dimensional character- 
ization of ground-water conditions a t  candidate sites, and 3) the potential effects of. the 
repository, the climate, or other perturbations of the ground-water system. 

Because it i s  believed that hydrologic transport will be the principal mode of translo- 
cation of radionuclides, a considerable amount of field and test  data will be acquired to 
assess the hydrologic system. The techniques for obtaining most of the data are currently 
avail able; others, including improved techniques for ground-water dating, frac ture-f low 
modeling, and permeability determinations for low permeability rocks, need development (Barr 
e t  al, 1978 and Bredehoeft e t  al. 1978). Hydrologic models combined w i t h  geochemical 
studies are used to  estimate the likely composition and concentration of any and all  radio- 
nuclides a t  any given point and time relative to a si te 's  regional aquifer system. 

Data from hydrologic testing are combined w i t h  geologic interpretations of a s i t e  and 
region to produce a detailed three-dimensional model of the near-field (see p. K.4) hydrolo- 
gic flow system which includes the fracture-flow conditions. This i s  then integrated w i t h  

thermal and mechanical models to  calculate the near-field disposition of the wastes should 
they escape containment. The near-field models determine the source terms for regional two- 
dimensional flow models of a subject hydrologic bcsi n. These regional models are used to 
calculate the isolation potential of the far-field natural system. Retardation mechanisms 
(e.g., sorption, precipitation and diffusion into the rock matrix) and radioactive decay 
chains for the radionuclides will be factored into both near- and far-field models of the 
isolation system. Conservative assumptions regarding potential changes i n  the hydrologic 
system that may be caused by climatic and tectonic changes will be used to develop scenarios 
for modifying models of present ground-water flaw conditions. 

Permeability, effective porosity, and rock compressibility can be determined by pump 

or injection tests i n  wells a t  the depth intervals o f  interest. Hydraulic properties are 
routinely measured for laboratory specimens of core or other rock samples obtained from the 
s i t e  (Lin 1978). Using appropriately spaced wells, hydraulic c m n i c a t i o n  between them can 
be established during pump or injection tests (Davis e t  al. 1966) to provide reliable calcu- 
lations of in-situ ground-water velocities. 

1' 

Isotopic dating of ground water (Barr e t  al. 1978 and Bredehoeft e t  al. 1978) provides 
an alternative reference for evaluating calculated velocities. Water can be sampled for 
dating from selected discharge points and well locations throughout the ground water basin 
considered likely to be influenced by a repository. Differences in water ages among sam- 
pling points are used to calculate natural velocities. 

The identification and analysis of hydrologic conditions i n  nearly impermeable rocks 
i s  necessary to establish the degree of impermability possessed by f i e  host rock u n i t  



(Witherspoon 1977). Pulse injection tests  aid i n  determining permeability i n  low permea- 
b i l i ty  rocks (Ballou 1979). Moreover, pressure decay curves for gases pressurized a t  
selected borehole intervals can be used to estimate the permeability of the very t i g h t  rocks 
expected a t  repository horizons. Although present measurement techniques for  hydraulic con- 
ductivity in nearly impermeable rocks may be i n  error by up to a few orders of magnitude 
(Bredehoeft e t  al. 1978). even the higher, most conservative values indicate that water 
moves extremely slowly i n  these rocks. 

Hydrologic R&D Stud! es 

For rbcks that possess a natural fracture system (e.g., granite, basalts, some shales, 
limestones, sandstones) the deterrni nation of near-f ield flow mechanisms is a1 so evolving. 
Because fracture networks are not random, their nature and orientation w i t h i n  the system 
w i  11 be s ta t  is t ical  ly determined. Methods designed t o  assess fracture effects on hydrologic 
flow are currently being developed at the Nevada Test Site (Johnstone 1980). the Stripa mine 
in Sweden (Gale e t  al. 1979). .and the Los Medanos s i t e  i n  New Mexico (Gonzales e t  al. 1979). 
The direct determination o f  hydrologic parameters i n  fracture networks includes conventional 
pump testing w i t h  mu1 tiple-point pi ezometers, tracer studies, and flow-meter tests  performed 
in wells or subsurface faci l i t ies  constructed a t  the repository s i t e  or i n  rock bodies that 
provide a close analog of s i t e  conditions. 

Water influx at  mines i n  crystalline rocks is a well-known phenomenon. However, where 
permeabilities are very lw, mine ventilation comonly evaporates and removes most, i f  not 
a l l ,  of this water (Gale e t  al. 1979). Thus, the mines are usually "dry," although a small 
amount of water may co&inually flow into them. By sealing a roan w i t h  airtight bulkheads 
and circulating controlled quantities of warm air,  the amount of seepage water can be deter- 
mined by measuring the humidity and mass of the circulating air. Data on fluid gradients 
around the sealed-off chamber permit calculations of nearby rock permeabilities. Such an 
experiment is being performed at  the Stripa mine i n  Sweden (Gale e t  al. 1979 and Lawrence 
Berkeley Laboratory 1978). 

The thermal properties of potential host rocks can be measured i n  the laboratory by . 

accepted methods (Stephens e t  al. and Jaeger et  al. 1979). Standard sized cylindrical spe- 
cimens are subjected to a controlled thermal power source a t  one end; increasing tempera- 
tures and dimensions are measured either along the axes or along the outside lengths of the 
specimens. The results are then used to  calculate volumetric expansion coefficients and 
thermal conductivity. The specific heat of a rock is determined by standard calorimetry 
(Stephens et  al.). 

Mechanical properties ofL potential host rocks can also be measured i n  the laboratory 
by standard techniques and apparatus (Jaeger e t  al. 1979); the results are used i n  prelimi- 
nary models of the repository's response and to help determine which propert ies require 
better definition by field testing ( ~ h a n  e t  al. 1980). The compressive strengths of 



potential host rocks are determined i n  accordance w i t h  well-accepted methods by observing 
which states of stress and temperature cause fracturing. Standard tests are also performed 
to determine the tensile strength of rocks. 

Synergistic effects between thermal and mechanical properties are determined for labor- 
atory samples by obtaining data on mechanical response as a function of rock temperature or 
obtaining thermal conductivity data as a function of rock stress. The effects of  the rock's 
fluid content on specific heat, cr i t ical  stress, and thermal conductivity are also being 
investigated, 

Sorption capacities are currently determined by passing water doped w i t h  radionuclides 
through the rock'and measuring the amounts of radionuclides retained. Transient batch 
methods for determining sorption are currently being standardized (Brandstetter e t  al. 
1979). Techniques are also being developed to identify minerologic and molecular affinities 
for sorbed radionucli des, al l  wing a better understanding of the materials and mechanisms 
responsible for the sofption process. 

Laboratory tests are being validated by field determinations of thermal, mechanical, 
and chemical behavior under expected repository conditions. Field tests  generally involve 
single or multiple heat sources emplaced i n  d r i l l  holes w i t h  an array of measuring instru- 
ments surrounding the heat source. A monitor array can be designed to  measure rock tempera- 
tures, deformation, water content, chemistry, and rock stresses as a function of time and 
distance from the heat source. 

Regional Geologic Forecasting Studies. Predicted performance of a geologic system has 
not matured to  the point en joyed by conventional engineering disciplines. Geologic research 
has largely concentrated on characterizing present-day natural processes and events and on 
historically reconstructing the distribution, magnitude, and sequence of past events. How- 
ever, future tec'tonic activity, including volcanic eruptions, folding, epeirogeny, fault  
movements, sa l t  diapirism, and seismic activity, need to be predicted to the degree that the 
likelihood and the consequences of changes i n  the natural system w i t h  regard to containment 
and isolation can be estimated, 

Plotting space-time relationships of past events allows a calculation of past rates and 
distributions of occurrence for tectonic events (Crowe 1978 and Rogers e t  al. 1977). The 
probabalistic extrapolation of these rates into the .future m s t  be weighted against deter- 
min is t ic  tectonic models such as plate tectonics to determine whether observed space-time 
distributions are likely to continue or be modified. The geographic scale for which data 
are compiled is of cri t ical  importance and needs to be evaluated. In general, for larger 
areas, consensus i s  more readily obtained among earth scientists about tectonic processes. 
Conversely, averaging probabal is t ic  projections for individual events over large areas 
decreases their rel iabil i ty for a given site. Thus, a i-easoned interpretation of probabil- 
is t ic  and deterministic approaches is required to assess the 1 ikel ihood of tectonic events 
that might disrupt a repository's natural system. T h i s  combination o f  methods i s  most 
developed for assessing seismic hazards (Algermissen 1976 and Glass e t  al. 1978). 



Potent ia l ly  act ive f au l t s  can be determin is t ica l ly  iden t i f i ed  from geologic, geophysi- 
cal, seismic, and natural  stress data. Standard earthquake-hazard assessment provides prob- 

a b i l i s t i c  estimates o f  expected return periods at  speci f ic s i tes  f o r  ground motions o f  
various magnitudes. These methods are used i n  conjunction t o  help determine appropriate 
seismic design requirements. Similar methods are evolving f o r  volcanic and d iap i r i c  
phenomena. 

The consequences o f  tectonic events must also be estimated. Observations o f  

earthquake-related damage, both a t  surface f a c i l i t i e s  ( tew e t  al. 1971) and i n  mine tunnels 
(Pra t t  e t  al. 1978 and Dowding e t  al. 1978), provide empirical data f o r  substantiating ca l -  
culations based on the physical response properties o f  the structures o f  interest. 

The consequences o f  such in t rus ive  processes as s a l t  diapir ism and volcanism are est i -  
mated by studying the geometry, disrupt ion zones, and chemical al terat ions associated u i t h  
ex is t ing intrusions. Where conditions dllow current study, the movement o f  faul ts,  i n t ru -  
sions o f  material, and tectonics are evaluated also i n  terms o f  t he i r  e f fects  on hydrologic 
systems and erosional processes. Impacts o f  faul t ing, erosion, and in t rus ion are estimated 
parametrical ly by assuming va r fws  event-scenarios and analyzing t he i r  e f fects  on the hydro- 
log ic  f l o w  models. 

The predict ion o f  tectonic events and t he i r  potent ia l  impacts over periods o f  tens o f  
thousands of years i s  an advaking capabil i ty. Careful selection o f  reposi tory s i t es  can 
reduce the l ike l ihood o f  tec ton ica l l y  induced disrupt ive events t o  almost zero. The poten- 
t i a l  impacts o f  postulated events w i l l  be defined by scenario analysis i n  order t o  assess 
t he i r  e f fects  on containment and isolation. 

Resource Studies' 

The potent i  a1 f o r  exp lo i t ing mineral, energy, water, and subsurface land-use resources 
both nou and i n  the fu ture w i l l  be assessed, throughout the site-selection process. Geolo- 
gic, geophysical, borehole, and geochemical studies conducted during s i t e  exploration and 

qua l i f i ca t ion  provide data f o r  evaluating the potent ia l  f o r  resource development. The 
exploration and ult imate selection o f  a reposi tory are the converse o f  seeking an ore body 
or an o i l  f i e ld ,  i n  tha t  investigations are conducted t o  locate areas wi th  a low resource 
potential. If any cha'racteristic, including thermal gradients, i n  the s i t e  locat ion sibni-  
f i can t l y  exceeds the crusta l  average, i t s  po ten t ia l  value t o  fu tu re  generations needs t o  be 
care fu l l y  considered. The consequences o f  inadvertent human in t rus ion i n t o  the repository 
due t o  resource exploration a t  some fu ture time must also be considered. 

I 

Status o f  Ongoing Exploration Programs 

Preceding sections have described the factors o f  the natural system important i n  s i t e  

selection, design, and construction o f  deep geologic repositories; the requirements tha t  , 

must be sat is f ied by a reposi tory site; and the methods available or being developed f o r  
characterizing and assessing the natural system. - 

This section ' ident i f ies  s i te-speci f  i c  geologic investigations conducted over the l a s t  
several years. The s i t e  characterization process, described i n  Section 5.1.1.2, w i  11 be 



conducted i n  four steps: national screening surveys, *hose objective -is to identify places 
that have some potential for waste isolation; regional studies, which evaluate a specific 
region of interest; area studies, which are conducted t o  characterize the areas of interest 
described by the regional study; and location studies, which further narrow the scope of the 
investigation to  a s i t e  or sites. 

Individual investigations are i n  various stages of the site-characterization process. 
Current investigations include 1) the Gulf Interior Region sal t  domes, 2) the Paradox Basin, 
3) the Permian Basin, 4) the Salina Basin, 5) basalt f l w s  a t  the WEas Hanford Site, and 
6)  WEas ~evada  Test Site. Because of the generic nature of this Statement, details of 
site-specific studies are not included; for details regarding regional studies, the reader 
i s  referred to  D O E 9  position statement to the NRC Confidence Rulemaking (DOVNE-0007). 

5.2.2 Waste Package Systems 

Package components consist of the waste form, stabilizer, canister, overpack, sleeve, 
and backfill (Section 5.1.2). 

Testing and development studies on various individual barrier components of the waste 
package system under expected conditions of geologic isolation have been i n  progress for 
several years. These studies have been conducted i n  industrial and national laboratories, 
as well as universities, both i n  this country and abroad. Most of these studies are not 
complete, b u t  data and results generated during the past few years do indicate that compo- 
nents of the waste package system can prevent or minimize release of radionuclides to  the 
natural system by functioning as effective chemical and physical barriers. Programs, pro- 
gram plans, and results are described i n  DOE/NE-0007 (DOE 1980). 

Because of the many candidate materials for the waste package, package development pro- 
grams will proceed i n  a logical sequence of scale and complexity. The following sequence 
of testing is planned: 

0 Initial laboratory testing using simulated waste 
Laboratory testing using real waste 
Large-scale testing i n  the f ield involving a l l  components of the waste package. 

Various aspects of the above tests  have been described by the U S .  ~ e o l o ~ i c a l  Survey 
and DOE i n  the Earth Science Technical Plan (OW1 1980), which discusses the types of data 
required and the sequence of laboratory, large-scale engineering, and field demonstration 
tests. 

5.2.2.1 Waste Form 

Presently, DOE has experience w i t h  spent fuel and glass as waste forms. In order to  
determine whether present-dqy spent fuel can be expected to  behave satisfactorily i n  a geo- 
chemical environment, studies are being conducted t o  determine w h e t h ~  the release rates of 
Waste nuclides are controlled by diffusion from m2 *en the oxygen content of water is held 
t o  very low values (ONVI 1979). To date the information obtained fran such experiments 
indicates that lowering the oxygen content of the water can significantly.decrease the 



release ra te  of the nuclides. Preliminary resul ts  indicate that, although some radionu- 
cl ides  are released more rapidly than others as a function of experimental conditions, spent 
fuel is a durable waste form tha t  exhibits low release of radionuclides when subjected t o  
ground water under normal repository conditions. 

Historically, glass, particularly borosil i ca te  glass, has been the major focus of 
a1 ternate waste form work, and in  1977 i t  was selected as the reference material fo r  imo- 
bilization of the Savannah River Plant high-level waste (Stone e t  at. 1979). Small-scale 
operating f a c i l i t i e s  have demonstrated pract ical i ty  of the vi t r i f icat ion process (EPRI 
1979). In addition t o  U.S. work, studies and pi lot  plants involving glass are under way in  
France, Germany, Belgium, and England. Recently, however, more attention has been devoted 
t o  other waste forms, and studies are being conducted to  evaluate their  characterfstics 
(DOE 1979). 

A number of other waste forms are being studied (ERDA 1976, WE 1979). Prior t o  the 
decisfon to defer reprocessing, significant progress had been made in the development and 
testing of waste forms, such as glass, for  wastes generated by comnercial reactors. Subse- 
quent t o  that  decision, the emphasis of work on alternate waste forms has shifted t o  defense 
related wastes. WE is continuing t o  sponsor work on alternate forms, and i t  is f u l l y  
expected tha t  the resul ts  and technology developed would be transferable, in large part, t o  
the comnercial waste program and existing liquid wastes (EPRI 1979). 

5.2.2.2 Materials 

For f i l l e r  materials as s tabi l izers  in spent fuel canisters, candidate materials 
include lead, glass, clay, sand, iner t  gases (e.g., helium) and castable solids (e.g., 
glass, lead and lead alloys, zinc and zinc alloys) (Jardine 1979 and Morgan 1974). Basic 
physical and chemical properties of candidate s tabi l izer  materials are well known. Some of 
these candidate materials have been evaluated (under expected repository conditions) for  use 
as barrier materials other than as s tabi l izers  (e.g., as canister, overpack, and/or backfill  
barriers). Since the overall waste package functions are similar (e.g., corrosion resis- 
tance, nuclide sorptive properties, protection of the waste form), the same materials tes t-  
ing can, in many cases, be applied t o  several system conponents. 

Canister, Overpack, and Sleeve. Candidate material selection for  canister and overpack 
will be based largely on the resul ts  of corrosion t e s t s  as a function of tenperature, radia- 
tion, and ground-water chemistry (e.g., pH, Eh, composition, and ionic strength) t ha t  are 
typical of the water i n  various media of interest  (i.e., basalt, granite, sa l t ,  and shale). 
Applicable materials studies to  date include consideration of general corrosion rates,  p i t -  

t ing and crevice corrosion susceptibili t ies, ,  s t ress  corrosion cracking, effects of oxygen 
concentration, solution volume t o  solid surface area ratio,  and possible effects  from 
radiolysis products (Braithwaite 1979 and Magnani 1979). F i l le r  material may al'so be used 
between the can1 s ter ,  overpack and sleeve. 

Emplacement Shaft Backfi 11. , Closure of the loaded repository will require backfilling 
the waste emplacement shaft; backfill materials are being tested for  selective nuclide 



sorption properties (for fission prbducts and actinides), t o  significantly reduce radionu- 
clide migration through the backfill barriers.(a) The capability of the backfill materials 
to  prevent or delay ground-water flow through the backfill is also being evaluated. Other 
properties of interest being evaluated (Neretnieks 1977 and Nowak 1979) are thermal conduc- 
tivity, mechanical support itrength, swelling, plastic flow, and forms and'methods for 
emplacements (DOE Statement of Posit ion to NRC (DOE/l98O). 

5.2.3 Repository System 

The repository system will provide for the receipt, inspection, transfer to the under- 
ground, empl acement, and containment after closure of radioactive wastes. Performance c r  i- 
ter  ia stipulating the minimum acceptable behavior for an engineered system are required i n  
evaluation of the design. Criteria 'for the performance of the mined repository during the 
operational phase have not  yet been established; however, such cri teria are expected t o  be 
similar t o  those for other'nuctear packaging and storage facilities. 

The surface facil i t ies of a repository are similar to those now used i n  the nuclear 
industry. Radiation protection practices i n  the repository, therefore, will be similar to  
those used i n  other nuclear fac i l i t i e s  and are not discussed here. Repository 'support 
fac i l i t ies  and underground workings are also similar i n  many wqys to  those comnon to the 
mining industry. Therefore, issues not uniquely related to radioactive waste repositories, 
such as the construction of support faci l i t ies,  are not discussed here. 

For the purpose of assessing the long-term containment and isolation integrity o f  a 
geologic repository, disruption phenomena which represent potential waste release mechanisms 
have been postulated. This analysis i s  discussed i n  detail i n  Section 5.5. Existing stud- 
ies show no compel 1 ing environmental reasons, including public health, that should preclude 
disposal of uaste i n  deep geologi c repositories. 

Other scenarios and variations of the scenarios presented in t h i s  Statement have been 
analyzed and published (Claiborne and Gera 1974). The conclusions of the published studies 
are i n  agreement w i t h  those provided above. However, this i s  a complex and extensive area 
of ongoing research which is  generally being examined by scenario analysis, study of waste 
form release rate and radionuclide transport phenanena, and consequence analysis. Specific 
R&D projects i n  risk assessment are listed i n  Appendix L; 

Discussion of potential adverse impacts of constructing and operating a repository 
will be limited to the follwing factors: 

0 Excavation and underground development 
0 Thermal effects 
0 Radiation effects 
0 Repository penetrations. 

(a) Such materials are sometimes referred to  as "gettersw due to their ability to retard the 
movement of certain materials. 



5.2.3.1 Excavation and Underground Development 

The excavation of rooms and tunnels underground will induce a new stress state and dis-  
placement field i n  the host environment. The nature of these stresses and displacement 
fields depends on the-cross-sectional geometry of the excavation, the layout of the tunnels 
and rooms, and the extrirction ratio (the ratio of the volume removed to the volume remain- 
ing) (Koplick e t  al. 1979). 

Fracturing around the perimeter of the tunnels and rooms and effect on i n - s i t u  stress 
states and i t s  implications for long-term containment- are two potenti a1 impacts being con- 
sidered i n  the excavation of a repository. 

Vast experience has been gained i n  the excavation of various kinds of underground 
facilities. Fracturing during drilling and blasting operations i s  limited by controlling 
such parameters as the size and. type of charge, the configuration of &ill holes, and. the 
sequence of detonation. Controls of these types are used extensively i n  the excavation of 
undergound faci l i t ies  intended for storage purposes and for long-term operations (Svanholm 
e t  al. 1977); examples are caverns for compressed a i r  and natural gas storage. In-situ 
tests are i n  progress to confirm their suitability for the excavation of mined geologic 
repositories (Hustrulid 1979). I t  is believed that no further technological advances are 
needed i n  this area (Guiffre e t  al. 1979). 

5.2.3.2 Thermal Effects 

The thermochemical impacts of principal interest in repository d d g n  are those that 
would accelerate the degradation of the waste package and the migration of radionuclide away 
from the package. The introduction of heat into the system will change the environment i n  
which the waste was placed. The design of a waste package capable of withstanding the heat- 
altered environment i s  discussed in Section 5.1.2. 

The introduction of heat in to  the natural system w i l l  induce stresses i n  the host rock 
and surrounding media (IR6 1979 and NAS 1979). These stresses will be superimposed on the 
existing stresses and must be considered i n  design to ensure structural stabil i ty of the 
repository. The heat generated by the emplaced waste will cause the rock mass to expand, 
t h u s  inducing surface uplift. In the long term, as the heat generation rate decreases, the 
surface will subside. Displacement of the overlying rock mass m q y  cause fracturing i n  the 
rock, thereby giving r ise  to perturbations i n  the hydrologic flow regime. In addition, heat 
may modify the thermal and mechanical properties of the rock; for example, an increase i n  
temperature will enhance the ductility of a rock but  reduce i t s  ultimate strength. 

5.2.3.3 Radiation Effects 

The effects exerted i n  the host rock by irradiation have generally been considered to  
be of secondary importance. To date, most of the laboratory and theoretical - studies have 
concentrated on the effects of radiation on salt.  The information available on radiation 
effects on sa l t  and on other geologic formations of interest for waste disposal has been 



compiled (Jenks 1975). It i s  desirable, at  t h i s  point, to conduct in-s-i tu tests t o  deter- 
mine the ef fects o f  rad ia t ion of interactions between the host rock and the waste package 

and t o  ascertain whether deleterious reactions occur due to synergism among the heat, radia- 

tion, and chemical interactions wi th  the package (Carter 1979). 

5.2.3.4 Repository Penetration 

I n  general, the penetration o f  host rock by shafts and boreholes w i l l  be expected t o  

have small environmental or safety consequences. Consideration o f  f i n a l  sealing w i  11 
require the evaluation o f  excavation techniques, the e f f ec t  o f  excavation on the host rock 

(fracturing), and changes i n  rock stresses. Testing o f  plugging technology f o r  shafts and 
bore-holes i s  i n  progress. Studies planned o r  under way addressing t h i s  matter are l i s t e d  

i n  Appendix L. ' 

5.2.4 Sumary . . . . 

s he following summarizes the present status of technology and RtD i n  support o f  improv- 

ing the r e l i a b i l i t y  o f  a mined geologic repository. 

The general c r i t e r i a  tha t  have been proposed f o r  reposi tory s i t e  qua l i f i ca t ion  
have been iden t i f i ed  i n  the *NUTS C r i t e r i a  f o r  the Geologic Disposal o f  Nuclear . 

Wastes: S i te  - ~ u a l i f i c a t i o n  C r i t e r i a  (OMJI-33(2), 1980).n.w 

Studies o f  the natural geological system, development o f  the man-made waste pack- 

age, and repository system analysis w i l l  a l l  combine to lead t o  reposi tory designs 
tha t  u t i l i z e  mul t ip le  barr iers to t h e i r  maximum ef f ic iency i n  a repository. 

Regional geologic condi t ion i  i n  the U.S are we l l  known and have been extensively 
described; geologic forecasting i s  being accomplished by extrapolating' past 
geologic-event data fnto the- fu ture and weighing resu l ts  against determinist ic 
tectonic models. 

Ground water as the pr inc ipa l  agent f o r  transport o f  radionucl i  des t o  the bio- 

sphere has received extensive study and research; the pr inc ip les tha t  govern i t s  

occurrence and movement are wel l  established. Addit ional studies are being con- 

ducted, using accepted techniques, t o  define regional and loca l  ground-water f 1 w 
I 

systems. 

Sorption capacities o f  candidate rock media i n  contact w i th  radionuclides are 
being determined i n  the laboratory. These data are designed t o  permit estimation 

o f  long-term migration o f  the radionucl i des i n  reposi tory host media. 

Continued development o f  the uaste package i s  expected; studies wi th  candidate 

materials f o r  the uaste package development w i l l  proceed i n  a log ica l  sequence and 
scale o f  complexity. - 
The repository system performance .w i l l  be affected by excavation and undergrou'nd 
development, thermal effects, rad ia t ion effects, and reposi tory penetrations. 
These ef fects are being evaluated ind iv idua l l y  and synerg is t ica l ly  f o r  e f fec ts  i n  

overal l  reposi tory performance. 
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5.3 DESCRIPTION OF THE CONCEPTUAL' GEOLOGIC REPOSITORY FACILITIES 

In th is  section, descriptions are given of a conceptual repository for spent fuel i n  

the once-through cycle and a repository for wastes from the reprocessing cycle. The concep- 
tual repositories are described independent of geologic media with specific design and oper- 
ational features that may be affected by geology detailed separately. Geologic media 
considered representative of formations available for location of a repository and that  are 
described i n  this Statement are bedded sa l t ,  granite, shale, and basalt (other media may 
also be acceptable). The concept of siting repository f ac i l i t i e s  on a regional basis is 
also described i n  t h i s  section. 

5.3.1 Once-Through Fuel Cycle Repository 

Conceptually, a repository operating i n  the reference once-through fuel cycle is 
required to receive PWR and BldR spent fuel elements. The characteristics of :these wastes 
are described i n  Section 4.2. 

5-3.1.1 Design Bases 

Uaste emplacement at  the conceptual repository is controlled by thermal cr i ter ia .  The 
thermal c r i te r ia  used here specify both areal thermal loadings, which control canister spac- 
ing, and canister thermal loadings, which limit the heat output of individual waste pack- 
ages. The cr i te r ia  were developed from an analysis of the thermal stresses that accumulate 
i n  the geologic formation and i n  the 'waste canisters. The cr i te r ia  are designed to limit 
these stresses to values that will not compromise the integrity of the formation, the mine 
area or the waste canisters. Development of these cr i te r ia  i s  discussed i n  Appendix K. 

The design areal thermal. loadings for the conceptual reposltories for this Statement 
were limited to two-thirds of the calculated allowable thermal loadings. This was done to 
ensure a conservative estimate of capacity. These design basis thermal limits for  spent 
fuel are shown i n  Table15.3.1. 

The cr i te r ia  for i rani te  and basalt, 320 kilowatts/hectare,(a) indicate that  2.6 times 
more heat-generating waste may be stored i n  a hectare of granite or basalt than i n  a hectare 
of salt .  Th i s '  means that w i t h  equal areas a repository ingrani te  or basalt would contain 
approxima'tely 2.6 times more spent fuel 'than a repository in sa l t .  This ratio i s  actually 
2.4 for the conceptual repositories because of differences in the mining extraction rat ios 
and room arrangements betueen the hard rocks and sal t .  Another parameter, discussed further 
i n  a later  subsection, that affects the repository waste capacity i s  waste age. 

We assume here that spent fuel'may be sent to a geologic repository after five years 
of cooling.   ow ever, a large portion of the spent fuel will be considerably older and 
cooler. This i s  because of the large inventory that w i  11 accumulate before a repository is 
available and because of ' the  time required to dispose o f ' t h i s  inventory. For a 1990 

. - 

(a)  One hectare equals approximately 2.47 acres. 



TABLE 5.3.1. Conceptual Repository Design Thermal L i m i t s  for Spent Fuel 

Granite 320 , 130 
Shale 200 80 
Basalt .320 130 

(a) Area occupied by the emplacement rooms and the i r  associated p i l la rs  
only. 

(b) The placement of spent fuel i n  s a l t  is limited by long-term surface 
uplift. The degree of surface u p l i f t  is dependent upon the thermal 
loading averaged over the full emplacement area (corridor area as well 
as rooms and pillars).  Two-thirds of the allowable average thermal 
loading for spent fuel i n  s a l t  is 100 kW/ha (40 Wacre) .  The thermal 
loading listed i n  this table (124 kWlha) is the room and p i l la r  area 
loading that results in  100 kW/ha average loading. Room and p i l la r  
integrity is the controlling c r i t e r i a  in o t h r  rock media and is depend- 
ent upon the room and p i l la r  loadings l is ted in the table. 

repository startup, the earl iest  date considered i n  this Statement, the average age of spent 
fuel available for the f i r s t  repository was calculated t o  f a l l  w i t h i n  the range of 7 t o  
11 years. For a later  repository startup the spent fuel will i n i t i a l ly  be much older (See 
Section 7.3). For the conceptual repository described here we assume that the average age 
of the spent fuel delivered t o  the repository is 6.5 years old. The cr i te r ia  i n  Table 5.3.1 
were developed for 10-year-old fuel. Using those cr i te r ia  for 6.5-year-old fuel provides 
an additional degree of conservatism since the thermal limit tends to increase for  younger 
waste. There are also thermal limits for the individual canisters, but for the spent fuel 
repository concept used here, where the canisters contain only a single fuel assembly, the 
thermal output of the canisters is always well below the limit. 

In the absence of detailed si te-specific geologic data, optimization of the repository 
design to account for  the special qualities of each medium is not'possible. Instead a 
standardized repository design using a conventional underground layout is specified w i t h  an 
overall area of approximately 800 ha (2000 acre). T h i s  area provides reasonable waste capa- 
c i ty  and is  achievable from both construction and operational points of view. Actual repos- 
i tor ies  may be either larger or smaller than 800 ha depending upon specific s i t e  character- 
i s t ics  and more detai led operations analyses. 

Repository design, construction, and operations presented here assume a hanogeneous 
geologic formation without major flaws or discontinuities. T h i s  simplifying assumption is 
appropriate for  use in this  geheric analysis; actual repositories will have site-specific 
design features. The design may involve preparation of a preliminary repository layout on 
the basis of in i t ia l  s i t e  investigat1.ons. The preliminary layout would be modified as con- 
struction progresses and the formation i s  more ful ly explored. - 

For the conceptual repository described here, excavation of the ful l  underground 
repository area i s  postulated to  be completed dur ing  the f i r s t  f ive  years of repository 



operation. During t h i s  period a l l  'wastes are emplaced re t r ievably  t o  allow t he i r  t imely  

removal should events during construction warrant t h i s  action. The re t r ievable  period aJso 

provides an opportunity t o  evaluate the repository interface with emplaced wastes. Instru- 
mentation w i l l  be ins ta l led  t o  monitor temperature p ro f i l e s  i n  the waste and rock and t o  

measure room and p i l l a r  stress and deformation. Results of these studies may v e r i f y  
reposi tory design or indicate the  need t o  modify waste emplacement procedures. 

5.3.1.2 F a c i l i t y  Description 

The conceptual reposi tory consists of 1) surf ace f ac i l  i t i e s  f o r  waste receiv ing and 

handling and f o r  mining and general operations support and 2) subsurface faci l i t i e s  f o r  

waste handling and emplacement and for mined rock removal. Surface f a c i l f  t ies, shown i n  

Figure 5.3.1, are s imi lar  for a l l  repositories regardless of geology. These f a c i l i t i e s  and 

the mined rock storage p i l e  const i tute the v i s i b l e  evidence of the reposi tory and occupy an 

area o f  about 180 ha a t  the s a l t  and shale reposi tor ies and 280 ha a t  the grani te and basalt 

repositories. The addit ional 100 ha a t  the grani te and basal t  reposi tor ies are required f o r  

larger amounts o f  rock that  are mined from these formations fa accomnodate the addi t ional  

waste disposal capacity resu l t i ng  from higher thermal l imi ts .  Figure 5.3.2 provides an 
a r t i s t ' s  concept o f  a geologic repository. 

A l l  surface structures i n  which radioact ive wastes are handled are operated a t  less 

than atmospheric pressure. Vent i lat ion f lows are cont ro l led by pressure d i f f e ren t i a l  from 

areas o f  low contamination potent ia l  t o  areas of successively higher contamination poten- 

t i a l .  Exhaust a i r  i s  processed through a roughing f i l t e r  and two high-eff iciency part icu- 
l a t e  a i r  (HEPA) f i l t e r  banks i n  series p r i o r  t o  discharge v i a  the 110 m mine ven t i l a t ion  

stack. 

Addi t i  onal detai 1s o f  sur f  ace f a c i l  i t i e s  a t  the reposi tory are found i n  DOE/ET-0028. 
\ 

The conceptual reposi tor ies for the once-through fuel cycle require three shafts i n  

s a l t  and shale and four shafts i n  granite and basalt t o  support waste handling and mining 

operations. These are the canistered waste (CW) shaft, the men and materials (M&M) shaft, 

and vent i la t ion Lxhaust (VE) shaft i n  a l l  the media and the mine production (MP) shaft  i n  

grani te and basalt t o  support the larger mining e f fo r t .  

The canistered waste shaft  provides a means f o r  transport ing the canisters o f  spent 

fue l  from the canistered waste bu i ld ing t o  the subsurface emplacement areas. The men and 

materials shaft i s  provided t o  handle mine and storage personnel, equipment, ven t i l a t ion  a i r  

and mined rock during excavation and backf i l l ing.  The ven t i l a t ion  exhaust shaft  i s  divided 
i n t o  two compartments t o  provide separate exhaust for mining and f o r  placement operations. 

The shaft discharges i n t o  the ven t i l a t ion  exhaust building. 

The mine production shaft contains sk ip  ho is t  equipment for  removal o f  mined rock t o  

the surface and supplies addi t ional  ven t i l k t i on  a i r  t o  the mine. - 
The reposi tory underground lqyout i s  a conventional room and p i l l a r  arrangement t ha t  

serves the need for repository vent i lat ion,  opening stab5 l i ty, thermal effects, and eff 1- 

c ient  use of excavated space. Of the 800 ha underground area, actual spent f u e l  emplacement 
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FIGURE 5.3.1. Plot Plan o f  a Geologic Repository 
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WASTE ISOLATION FACtUtY 

FIGURE 5.3.2. Artist's Concept of a Geologic Repository and Its Support Facilities 



areas occupy 650 to 730 ha, w i t h  the remaining 80 to  160 ha occupied by shafts, general ser- 
vice areas, main corridors and unmined areas within the repository. 

5.3.1.3 Construction 

In the process of excavating repository subsurface areas, a l l  mined rock is brought t o  
the surface and stored onsite. The storage pile is constructed using standard earth-moving 
equipment. Standard dust  control procedures (water sprays, etc.) are employed during con- 
struction a t  al l  repositories; sal t  and shale storage piles are also provided w i t h  water 
run-off control. When retrievable emplacement operations are complete, a portion of the 
rock will be returned t o  the mine as backfill. present plans call for rock not used for 
backfill to remain piled on the surface. Mi le  in the care of a s a l t  repository, excess 
sa l t  may be disposed of by p l a ~ i n g  i t  i n  an abandoned sa l t  mine or by selling the sa l t  for 
comnercial use, these options depend heavily upon the nature of specific sites. (If  mined 
sa l t  were t o  be used i n  comnerce, the sa l t  could be moved off s i t e  before any radioactive 
waste arrives onsite. Thus there would be no potential for radioactive contamination of 
the salt.) Quantities of rock removed and stored are descrfbed i n  Table 5.3.2. 

TABLE 5.3.2. Mining and Rock Handling Requirements at  the Reference Spent Fuel Repository 

Mined Room Total Permanent Onsi t e  
Quantity Backfill Backff 11 Surf ace Storage 

(M 109 (MT 109 (KT 109 JMT 109 d 106' 
Salt 30 14 17 l3 6.1 
Granite n 29 38 39 15 
Shale 35 . 15 21 14 5.5 
Basalt 90 32 46 44 15 

Although a repository i n  any of the four rock media occupies an overall area of 800 ha, 
larger amounts of rock are removed i n  constructing repositories in granite and basalt. 
This is due i n  part to larger mining extraction ratios ( ra t io  of mined to  intact volume). 
The increased extraction ratios are possible because of greater rock strength that allows 
the pil lar  widths t o  be decreased, resulting in more emplacement rooms and consequently more 
waste storage per given repository area. 

5.3.1.4 Operations 
1 '  

Spent fuel packaging faci i i t ies  are here ~ssuned to  be incorporated i n  the ripository 
surface faci l i t ies  bu t  could be a separate fac i l i ty  nearby. Spent fuel elements arrive a t  
the repository's surface faci l i t ies  by rai l  or truck i n  shipping casks designed for fuel 
transport. These casks are lifted by crane from the ra i l  cars or t ra i lers  to  shielded 
transfer ce l ls  for remote removal of the spent fuel assemblies. A t  this point, the assem- . - 
blies are examined for external contamination, signs of damage, and compatibi 1 i ty  w i t h  
other acceptan& criteria. Acceptable assemblies are encased in helium-filled canisters. 
The helium atmosphere i n  the canister provides a means for canister leak testing. 



Contaminated assemblies are f i r s t  cleaned, then sealed in a canister; damaged assemblies 
are returned to  their casks, transferred to  the overpack cell ,  and encased in canisters and 
appropriately sized overpack canisters. The canisters are then transported to  the 
canistered waste shaft and lawered into the repository. All spent fuel handling i s  done 
remotely. 

The spent fuel canisters are received at  subsurface transfer.stations where shielded 
transporters remotely remove the canisters fran the transfer stations for delivery to  an 
emplacement room. 

In addition to the thermal restrictions discussed i n  Section 5.3.1.1, room capacity i s  
limited by the minimum allowable hole spacing of 1.8 m (6 f t )  center to center. T h i s  is a 
mechanical limit that prevents weakening of the floor by holes spaced too closely together. 
The conceptual repositories i n  sa l t  and shale emplace both PWR and BWR canisters i n  holes, 
while repositories i n  granite and basalt emplace PklR canisters i n  holes and BWR canisters 
i n  trenches. Trenches a l l  w the, re1 atively low heat-generati ng BWR canisters to  be spaced 
more closely together (trenches are not economical for the higher heat-generating PWR can- 
isters). The trenches r u n  the length of emplacement rooms and contain steel racks to  main- 
tain the canisters i n  an upright position. They are backfilled after emplacement sleeves 
are installed. 

Table 5.3.3 l i s t s  the contents of the conceptual spent fuel repositories i n  sal t ,  
granite, shale, and basalt fonnations a t  the end of emplacement. 

TABLE 5.3.3. Contents of the Conceptual Spent Fuel Repositories When Full 

PUR BGIR Total 
Canisters MTHM Canisters MTHM MTHM 

Salt 68,200 31,500 104,000 19,600 51,100 
Granite 162,700 75,100 246.3 00 46,500 121,600 
Shale 86,300 39,800 131,000 24,700 64,500 
Basalt 162,700 75,100 246,300 46,500 121,600 

Two separate repository design concepts weie also developed for the limited quantities 
of spent fuel, 10,000 MTHM and 48,000 MTHM, produced i n  the two cases (Cases 1 and 2 i n  

Section 3.2.2) where the nuclear industry is assumed to be severely constrained. Surface 
faci l i t ies  are reduced i n  size and capacity for these reduced requirements and the mined 
area is reduced i n  proportion to the quantity of  spent fuel sent to  disposal. 

5.3.1.5 Retrievability 

Actions necessary to remove emplaced wastes from a geologic repository depend on the 
period of repository operations during which removal takes place. Ini ti a1 ly, wastes are 
emplaced i n  holes lined w i t h  steel sleeves and sealed w i t h  removable concrete plugs. The 
sleeves and plugs ensure the canisters remain accessible and minimize corrosion or other 
damage. During this period the wastes are considered readily retrievable i n  that they are 
removable from the repository a t  about the same rate and w i t h  about the same effort as for  



emplacement. Beyond this in i t ia l  period of operation, canisters are- emplaced without 
sleeves and rooms are backfilled. During this later period the wastes are considered to  be 
recoverable a t  considerably greater effort than emplacement. 

For the corrceptual repositories, readily retrievable emplacement spans the in i t ia l  
5 years of operation. Repository excavation is completed during this period, and no wastes 
are emplaeed nonretrievably u n t i l  after the full  extent of the repository has been explored. 
This provides a period for observation of waste-rock interactions when waste and local rock 
temperatures reach their maximum. Repository operations would also be evaluated during this 
period and adjustments made if  necessary. 

The MIC has recently proposed (Federal Register 1980)(~) that the repository should be 
designed to  allow retrieval of wastes for a period of 50 years after termination of waste 
emplacement. Whether this proposal migh t  lead to  a requirement that the wastes be readily 
retrievable +or t h i s  period of time or recoverable has not yet been determined. 

Although the specific requirements for 50-year retrievability have not yet been deter- 
mined, requirements for  25-year retrievability have been estimated and the general nature 
of requirements for 50-year retrievabil i t y  can be described. The 25-year retrievabil i ty  
requirements are described i n  Appendix K. They include use of sleeve-lined holes and con- 
crete plugs and reduced thermal #loadings for all of the spent fuel canisters. For 50-year 
retrievability the thermal loadings would probably have to  be further reduced. An alterna- 
tive approach would be to  provide continuing ventilation for heat removal to  reduce the rock 
stresses. 

A particular concern for a repository i n  s a l t  is closure of  rooms over long retriev- 
ability periods due to accelerated "creepu deformation of the sa l t  caused by the waste's 
heat. T h i s  can be compensated for, at least to some extent, by increasing ceiling heights 
w i t h i n  the repository (7.6 m height for 25-year retrievability versus 6.7 m i n  height for  
5-year retrievability) b u t  t h i s  may be a difficult problem for 50-year retrievability. 

After repository performance has been adequately verified (after the in i t ia l  5 years 
of operation for these conceptual repositories, or longer if  required), i t  was assumed that 
wastes would no longer be emplaced i n  a readily retrievable manner. For the remainder of 
repository operations, wastes may be emplaced i n  holes without steel sleeves. As the wastes 
are emplaced, the holes are f i l led  w i t h  crushed rock or some specially selected backfi 11 
material. The backfi 11 material may be an adsortive material selected to' increase the 
probability of long-term waste isolation. After a room i s  f i l led  w i t h  waste, it is back- 
f i l led  w i t h  previously excavated crushed rock or w i t h  specially selected backfill' material. 
During this period of repository operations, the wastes are considered to  be recoverable 
from the backfilled rooms. Recovery operaGons are more difficult and costly than retrieval 
because of the need to remove room and hole backfill. The nature of these operations 
increases the possibility of waste canisters being damaged before or during recovery opera- 
tions but  conventional techniques should be adequate. I t  is possible that this condition 

(a) Federal Register, Vol. 4, t4.94,' May 13, 1980, page 31400. 



might be considered adequate t o  meet the in ten t  o f  the requirements proposed by the WRC. 
Addit ional de ta i l s  o f  r e t r i eva l  and recovery operations are provided i n  Appendix K. . 

5.3.1.6 Decomnissioning 

As mentioned i n  Section 5.3.1.5, a f te r  the read i l y  re t r ievable  period, rooms tha t  have 

been f i l l e d  t o  capacity wi th  spent fue l  are backfil led. The technique selected f o r  the con- 

ceptual reposi tory i s  t o  fi 11 the rooms w i th  previously excavated crushed rock or  wi th  spe- 

c i a l l y  selected b a c k f i l l  material. Standard earth-moving equipment w i l l  be used t o  do th is .  
This technique was selected as the most economical, and it reduces the amount o f  mined rock 

stored on the surface. With t h i s  technique, the rooms are back f i l l ed  t o  w i th in  0.6 m o f  the 
c e i l i n g  w i th  crushed rock a t  approximately 60% of i t s  o r ig ina l  density. Other backf i  11 
materials and methods o f  emplacement are discussed i n  Koplick e t  al. (1979). 

Af ter  a l l  rooms hale been f i l l e d  wi th  spent f ue l  and are backf i l led,  the remainder o f  

the reposi tory underground areas are d e c m i  ssioned. A l l  cor r idors  and underground areas 

are back f i l l ed  i n  the same manner as emplacement rooms. Af ter  t h i s  i s  completed, the repos- 

i t o r y  shafts are decmiss ioned by f i l l i n g  t o  the surface and sealing. Combinations o f  
crushed rock, clay, and concrete may be used for t h i s  purpose. Because the procedures t o  
be used are h igh ly  s i t e  and media specif ic, they are not described i n  t h i s  generic Statement 

(see Koplick e t  al. (1979)). 

Repository decomnissioning i s complete when the surface fac i l i t i e s  are decontaminated, 

perhaps dismantled, and the reposi tory locat ion i s  monumented. 

5.3.2 Reprocessing Fuel Cycle Repository 

A geologic reposi tory operating for disposal o f  f ue l  reprocessing wastes i n  the repro- 
cessing f ue l  cycle would be required t o  receive high-level waste (HLW) and various remotely 

hand1 ed TRU (RH-TRU) and contact-hand1 ed TRU (CH-TRU) wastes, The charac t e r l  s t i c s  o f  these 

wastes from reprocessing comnerci a1 fue l  are described i n  Section 4.3. ~e fense  program 
wastes could be accmodated i n  geologic reposi tor ies i n  a manner s imi lar  t o  tha t  described 
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here f o r  these comnercial fuel cyc le  reprocessing wastes. Characterist ics and quant i t ies 
o f  these wastes are described i n  Appendix I. While these l a t t e r  wastes d i f f e r  from those 
from LWR fue l  reprocessing, the differences (mainly older and cooler, smaller quant i t ies o f  

high-atomic-number actinides and d i f ferent  chemical form) produce uastes wi th  lower radia- 
l '  

t i o n  in tens i t ies  and lower heat output. Thus, ;epository placement c r i t e r i a  would be less 
str ingent f o r  defense wastes than those f o r  comnercial wastes and they could therefore be 
accomnodated i n  the same repositories. 

5.3.2.1 Design Bases 

As described i n  Section 5.3.1.1 f o r  the once-throigh f ue l  cycle repository, waste 

emplacement i s  subject t o  thermal loading c r i t e r i a  f o r  a given type 2 waste and rock. The 

l i m i t s  l i s t e d  i n  Table 5-3.4 for the reprocessing f ue l  cycle reposi tory are two-thirds o f  

the calculated permissible c r i t e r i a  described i n  Appendix K. 



In the case of reprocessing cycle high-level wastes there i s  a-thermal limit for  indi- 
vidual canisters i n  addition t o  the repository area thermal limits. These limits, which are 
derived from maximum temperatures, are identified i n  Table 5.3.5. 

TABLE 5.3.4. Conceptual Repository Design Thermal L im 
Wastes 

Granite 3 20 
Shale 200 
Basalt 320 

t s  for  Reprocessing Cycle 

(a)  Area occupied by the emplacement rooms and their  associated p i l l a r s  only. ' 
(b) The placement of HLW in s a l t  is not limited by long-term surf ace uplift  

as was the case for spent fuel i n  sa l t .  Because the concentration of 
plutonium and its long-term heat contribution i s  much less i n  HLW, sur- 
face uplift  is reduced and room and p i l l a r  integrity i s  the dominant con- 
cam. The integrity of rooms and p i l la rs  i s  dependent upon room and 
p i l la r  area thermal density as l is ted in th is  table 

TABLE 5.3.5. Conceptual Repository Thermal Limits 
for Individual HLW Waste Canisters 

Maximum kW 
Medium - per Canister 
Sal t  3.2 
Granite 1.7 
Shale 1.2 
Basalt 

The conceptual repositories are designed to receive and empl ace 6.5-year-old (time 
since reactor discharge) HLW. However, as was the case w i t h  spent fuel (Section 5.3.1.1), 
much of the HLW as i t  arrives a t  the repository will be older and cooler than 6.5 years. 
Because of t h i s ,  estimates of waste emplacement for the reprocessing waste repositories are 
cons~rvative 'becauie the repository could hold more waste i f  designed for the older and 
lower heat-generating ra te  wastes. As i n  the case of the spent fuel c r i te r ia ,  the cr i te r ia  
i n  Table 5.3.4 were developed for 10-year-old waste. Using these cr i te r ia  for 6.5-year-old 
waste provides additional conservatism here a1 so. However, the effect on capacity i s smal- 
l e r  here because a substantial portion of the repository area is required for  TRU wastes 
h o s e  placement is  not affected by the thermal c r i t e r i a  because they generate so l i t t l e  
heat. 

Design and construction of the conceptual fuel reprocessing waste repositories are 
assumed to proceed i n  the same manner' as described for  the once-thwugh fuel cycle i n  Sec- 
tion 5.3.1.1. The overall repository area is approximately 800 ha i n  a l l  cases. Construc- 
tion is completed during the f i r s t  f ive years of repository operations while a l l  wastes are 
empl aced retrievably. 



5.3.2.2 Facility Description 

The conceptual repositories consist of surface and subsurf ace facilities. The surface 
f acilittes provide for waste receiving and handling, mining and general operations support. 
The subsurface facilit ier provide for waste handling and storage and mined rock removal. 
The surface facilities and the mined rock storage pile constitute the visible evidence of 
the repository and occupy an area of about 180 ha at the salt and shale repositories and 
220 ha at the granite and basalt repositories. These quantities vary slightly from the . 
spent fuel case because of different repository configurations and mining extraction ratios. 

Additional details of repository surface facilities are given in DOVEt-0028. 
. 

The conceptual geologic repositories for the fuel reprocessing wastes require the 
shafts described ,in Section 5.3.2.2 for the once-through fuel cycle repositories and an 
additional CH-TRU waste shaft to transfer the waste from the CH-TRU waste building to the 
subsurf ace emplacement area. 

The repository underground 1 ayout is a conventional room and pi 11 ar arrangement that 
serves the need for repository ventilation, opening stabi 1 ity, thermal effects and efficient 
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use of excavate2 space. Of the 800-ha total area, actual waste emplacement areas occupy 
650 to 730 ha, with the .remaining 80 to 160 ha occupied by shafts, service areas, 
main corridors and unmined areas within the repository. 

5.3.2.3 Construction 

As'for the once-through fuel cycle repository, all mined rock is brought to the sur- 
f ace during repository excavation. Mining and rock handling requirements for the concep- 
tual repositories in the four media are compared in Table 5.3.6. The larger amounts of 
mined rock in granite and basalt are the result of increased mining extraction ratios in 
these geologies. As in the once-through cycle there is the possibility of selling the 
excess salt for cmercial use in the case of a salt formation repository. 

TABLE 5.3.6. Mining and Rock Hand1 i ng Requirements at the Reference Reprocessing 
Waste Repository 

Mi ned Room Total , Permanent surface 
Quantity Backfill Backfill Surf ace Storage 

(m x lo6) (m x lo6) pi x lo6) (YIT x lo6) (m3 x lo6) 
Salt 35 15 20 15 7.1 
Granite 53 17 24 29 11 
Shale 30 12 17 13 5.1 
Basalt 59 ' 17 27 32 11 

5.3.2.4 Operations 

Canisters of HLW, and RH-TRU wastes are received and handled at'the repository in a 
similar manner to that previously described for spent fuel in the once-through fuel cycle 
repository. Canisters found to be damaged or leaking are taken to an overpack cell and 



sealed i n  an appropriately sized overpack canister. RH-TRU waste i n  55-gal drums i s  shipped 

t o  the  reposi tory by truck, a r r i v ing  i n  shielded Type B overpacks (see Section 4.5.3.2 f o r  

Type B overpack de f in i t i on ) .  The overpacks are l i f t e d  by crane from the truck bed t o  

shielded t ransfer  c e l l s  f o r  remote removal of the  drums. The drums are placed three each 

i n t o  steel drum-pack canisters which are sealed wi th  a welded l i d .  The drum-pack i s  t rans- .  

ported t o  the  canistered waste shaf t  and lowered i n t o  the repository. 

CH-TRU waste arr ives a t  the repository on pa l le ts  o f  twelve 55-gallon drums stacked two 

by three by two drums high o r  i n  s tee l  boxes measuring 1.2 x 1.8 x 1.8 m (4 x 6 x 6 ft), 
roughly equivalent i n  s ize t o  the p a l l e t  o f  drums. The CH-TRU i s  shipped by truck i n  spec- 

i a l  cargo car r ie rs  (see Section 4.5) loaded w i th  three pa l l e t s  o r  boxes o f  waste, The pal-  

l e t s  and boxes are unloaded from the cargo ca r r i e r  using shielded f o r k l i f t s ,  inspected f o r  

damage and repaired i f  necessary, transported t o  the CH-TRU waste shaft  and lowered i n t o  the  

repository. 

Wastes are received a t  subsurface transfer stat ions tha t  form in tegra l  structures wi th  

the shafts. Shielded transporters remotely remove the containers frm the transfer sta- 

t i ons  f o r  de l ivery  t o  an emplacement area. 

A t  t he  conceptual reposi tor ies i n  s a l t  and shale formations, HLW canisters are lowered 

into ve r t i ca l  holes i n  the emplacement rooms i n  accordance wi th  the same minimum hole spac- 

ing (1.8 m) described f o r  spent f u e l  canisters i n  the  once-through f ue l  cycle repos i tor ies  

and w i th  an allowable thermal densi ty calculated spec i f i ca l l y  f o r  the HLW1s characterist ics. 
I n  these formations, RH-TRU waste i s  also emplaced i n  d r i l l e d  holes; however the  minimum 

hole spacing i s  increased t o  2.3 in as a resu l t  o f  the larger-hole diameters necessary f o r  

the 0.76-m-dimeter canisters. 

The conceptual repos i tor ies  i n  granite and basal t  formations emplace HLW i n  ve r t i ca l  
holes as described f o r  the sa l t  and shale repositories, However, RH-TRU canisters are 

lowered i n t o  trenches running the length of the rooms. The canisters are held upr ight  i n  a 

s ing le  row by storage racks that  allow a minimun spacing o f  1 m center-to-center. 

Shielded f o r k l i f t s  stack the CH-TRU waste pa l l e t s  and boxes two high along the  wal ls 

o f  CH-TRU waste empl acement rooms. 

Table 5.3.7 l i s t s  the contents based on the example treatment processes described i n  

Section 4.3 o f  conceptual reposi tor ies located i n  sal t ,  granite, shale, and basalt forma- 

t ions a t  the end o f  operations. Because of the  differences i n  thermal c r i t e r i a  t he  capaci- 

t i e s  o f  d i f fe ren t  rock media vary. For the conceptual reposi tor ies i l l u s t r a t e d  here, the 

r e l a t i ve  quant i t ies  o f  high-level waste and TRU wastes are d i f f e ren t  on an MTHM-equivalent 

basis. This i s  because the f ive-year cooling hold up for the HLW resul ted i n  a dispropor- 

t i ona te ly  larger quant i ty o f  TRU waste being emplaced. Subsequent reposi tor ies would f i l l  
up w i t h  more nearly equivalent amounts o f  HLW and TRU wastes. The capacit ies when equiva- 

l e n t  quant i t ies o f  HLW and TRU wastes are emplaced are also shown. 
. - 



TABLE 5.3.7. Contents o f  the Conceptual Reprocessing Waste Reposi tor ies When Fu l l  

Salt Granite Shale Basalt 
E q u i v a l ~  Equivalf?; Equiva ig E q u y ' ;  

Waste Containers MTH?4 Containers ljrmM Containers MTm Containers ISTHM 
HLW Canisters 25,800 62,200 48,000 69,000 36,000 30,500 63,000 56,000 
RH-TRU Canisters 29,100 I RH-TRU Drums 399,000 431,000 108,500 91,500 
CH-TRU Boxes 4,150 4,500 
CH-TRU Drums 264,000 286,000 

Capacity if 71,200 78,600 41,100 73,800 
Equivalent 
Quantities o f  
HLW and TRU 
Wastes are 
Enrpl aced 

(a) For the conceptual repositories the re la t i ve  quantities o f  HLW and TRU wastes are d i f ferent  because the HLW i s  held up for  
a 5-year cooling period allowing a disproportionate quantity o f  TRU waste emplacement. The t h i r d  mnnber shows the 
capqcity when both waste types are emplaced at the same equivalent rates. 

- 
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FIGURE 5.3.4. Effect of HLM Age on Reprocessing Cycle Repository Capacities 

Further details regarding the basis and derivation .of. these' repository capacities are 
provided in Appendix K. 

5.3.4 Reqional Repository concept(') 

To the extent permitted by availability of suitable geologic sites, two or more reposi- 
tories could be located to provide disposal services on s regional basis. A regional siting 
concept for geologic repositories was proposed by the Interagency Review Group (IRG) on 

Nuclear Yaste Management (IRG 1979). In its Report to the President, the IRG recohended 
construction of several repositories sited on a regional basis insofar as technical consid- 

(a) Section 2.3 describes the present National Site Characterization and Selection Plan. 
Section 5.2 and Appendix 0.7 discuss the technical considerations of repository site 
selection. 



erations permit, as opposed to a single national repository. This strategy would 

integrate societal and p o l i t i c a l  concerns as we1 1 as technical considerations. 

Possible advantages o f  

the regional concept include: 

More equitable d is t r ibut ion o f  waste management costs; , 
Enhanced abi 1 i t y  to gain public and p o l i t i c a l  acceptance through cooperative par- 
t ic ipat ion with state and local o f f i c i a l s  and groups; 

Experience with various environments and empl acement geologic medi a sooner than 
previously planned, especially with near simultaneous development o f  several 

repositories ; and 

Reduction o f  transportation requirements and attendant risks, 

Def ini t ion o f  regions f o r  nuclear waste isolat ion can be influenced by a number o f  
technical, societal, - and i o l i  t i c a l  factors. The major technical factor i s  the geographic 
d is t r ibut ion o f  acceptable geologies, but a number o f  other factors must also be considered. 

An obvious regional divis ion o f  the U.S. i s  one based upon individual states or com- 

binations o f  states. The predominant factors that affect regional boundaries derived from 
the boundaries o f  states are the histor ical ,  social, geographical, and p o l i t i c a l  factors 

that have existed to define the states themselves. 

Regions established s t r i c t l y  on exist ing p o l i t i c a l  or comnercial factors could y ie ld  a 

wide region-to-region variation i n  the quantities o f  waste generated. Thus, there i s  some 
incentive t o  develop a regional structure that i s  based on reasonably uniform waste genera- 

tion. Locations o f  nuclear generating capacity or e lect r ica l  usage may provide an equitable 
basis for  regional structures. Extensive e lect r ica l  g r id  interconnections may extend the 

use o f  nuclear generated power f a r  beyond plant locations and should be considered, 

Although mult iple s i tes themselves (except t o  the extent provided by d i f ferent  geolo- 

gies) provide no guarantee against errors i n  disposal technology or repository design, they 
do help minimize the consequences of errors if the result ing fa i lures are random and widely 
spaced i n  location and time ( I  .e., well a f te r  the repositories have been sealed). The poten- 

t i a l  fo r  reduced consequences l i e s  i n  the poss ib i l i t y  of some repositories remaining unaf- 
fected, and the use o f  knowledge gained from the f i r s t  incident t o  prevent subsequent 
incidents at other locations. 

While at the present time the Department of Energy i s  not able t o  propose a specif ic 

regional s i t i ng  program, regional s i t i ng  i s  presently considered, among other factors, i n  
the site-selection process. The Department i s  continuing to  study the regional s i t i n g  con- 

cept and should a regional s i t i ng  plan be adopted, the data from the f i r s t  repository could 
be incorporated i n  such a plan. - 
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5.4 ENVIRONMENTAL IMPACTS RELATED TO REPOSITORY CONSTRUCTION AND OPERATION 

Environmental impacts re1 ated to  repository construction are those estimated for con- 
struction of surf ace f a c i l i t i e s  and mining of the ent i re  repository, whereas those for  oper- 
ation are associated with waste emplacement, backfilling and decmissioning of surface 
fac i l i t i es .  Additional detai ls  are presented in DOE/ET-0029. 

5.4.1. Resource Conitments 

Land use commitments for  single conceptual repositories in the four geologic media are 
sumnarized in Table 5.4.1 for both spent fuel and reprocessing wastes. Other resource com- 
mitments are tabulated in Table 5.4.2 for  spent fuel repositories and in Table 5.4.3 for  
reprocessing waste repositories. The same size (areal extent) of repository (800 ha) is 
postulated for each rock type; however, thermal c r i t e r i a  (heat loading of rock) allow spent 
fuel containers to  be stored, closer together in  granite and basalt than i n  s a l t  and shale, 
t h u s  greater quantit ies of high-level waste can be stored in granite and basalt repositories 
for  a given area than in  s a l t  and shale repositories.(a) 

TABLE 5.4.1. Land Use Commitments For Construction of 800-ha Single Geologic 
Repositories 

Land Use 

Surf ace f aci li tes, ha 
Spent fuel repository 
Reprocessing waste 

repository 

Access roads and 
railroads, ha 

Mineral and surface 
r igh t s ,  ha (fenced 
restr ic ted area) 

Additional land on which 
only subsurf ace 
ac t iv i t ies  will be 
restricted, ha 

Sa l t  & Shale Granite & Basalt 

Land use conflicts will be highly s i t e  specific; however, most restr ic t ions on surface 
use of land need not continue after repository closure. Thus, mast uses of the land could 
resume af te r  decomnissi oning of the surface f a d  l i t i es .  

Water used during construction of a repository will range from about 1 x 105 to 
5 3 5 x 10 m (depending on geologic medium) over the 7-yr construction period. As long as  

water can be supplied from r ivers  such as the R River in the midwest reference environment 
(Appendix F), water use will represent a ma l l  fraction (0.001) of the average r iver  flow 

.- 

(a) Note, however, tha t  waste emplacement has not been optimized in an engineering sense for 
this generic Statement. 



TABLE 5.4.2. Resource Comnitments Necessary for Construction of a Spent Fuel Reposftory . 
i n  Salt, Granite, Shale, and Basalt 

Resource 
Water Use, m3 

Materials 
3 Concrete, m 

Steel, MT 
copper, MT 
Zfnc, NT 
Aluminum, MT 

3 Lumber, m 

Salt 
(51.000 KntM) 

240,000 

6ran i te 
(122,000 MTHM) 

710,000 

Energy Rescources 

Shale 
(64,000 MHM) 

360,OOO 

Basalt 
(122,000 MTHM) 

6lO,OOO 

3 Propane, m 2,200 6,400 3,200 5,400 
Diesel fuel, d 22,000 64 800 32,000 

3 
s,OOo 

Gasoline, m 16,000 47,000 21,000 40,000 
Electricity 

Peak demand, kW 3,400 11,000 5,100 8,800 
Total consumption, kWh 14,000,000 43,600,000 21,000,000 36,000,000 

Manpmer, man-yr 10,000 , 30,000 14,000 37,000 

TABLE 5.4.3. Resource Comnftments Necessary for Constructf f a Fuel Reprocessing Waste 7 f Repository i n  Salt, Granite, Shale, and Basalt a 

Salt 
Resource ~ 6 2 . 0 ~ )  MTHM H L W ~  

Water use, m 3 . 270,000 

Materials 
Concrete, m 3 110~000 

Steel, MT 18,000 
Copper, M 240 
Zinc, M 62 
Aluminum, MT 46 
Lumber, II? 2,600 

Bran I te Shale 
J69.000 MHM HLW) (30,000 MTHM HLYl 

510,000 290,000 

210,000 120,000 
33,000 19,000 

470 260 
120 67 
90 50 

4,900 2,800 

Basalt 
(56 ,000 MHM HLWI 

450,000 

Energy resources 
Propane, m 3 2,400 4,500 2,600 4,000 

Diesel fuel, m 3 24,000 '45,000 26,000 40,000 

Gasoline, m 3 18,000 33,000 19,000 30,000 

Electr fc i ty  
Peak demand, kW 3,900 7,300 4,100 6,600 
Total Consumption, kWh 16,000,000 30,000,000 17,000,000 27,000,000 

Manpower, man-yr 11,000 22 ,000 13 ,o% 26,000 

(a) Only HLY are Indicated i n  t h i s  and subsequent tables referr ing t o  reprocessing wastes sent t o  
repositories. In  addltlon to  HLW, about 100,000 MHM equivalent o f  TRU wastes are pluced fn the 
" f i rs tn  sa l t  repository and about 110,000, 56,000 and 92,000 MTHM equivalent i n  " f i r s t u  reposl- 
tories I n  other media, respectively. Subsequent reposltorles would undoubtedly receive a d i f -  
ferent mix of HLW and TRU wastes. 



and no signif icant impacts are expected from its withdrawal. If a repository was to be 
b u i l t  i n  an ar id region, water might need t o  be transported to the s i t e  from areas o f  
abundant supply. 

5.4.2 Nonradioloqical Eff luents 

Nonradiological eff luents f rum repository construction include dust and pol lutants 
generated from machinery operation during surf ace f a c i l i t y  construction and mining opera- 
tlons. Burning the quantities o f  f oss i l  fuels l i s ted  i n  Tables 5.4.2 and 5.4.3 results i n  
a i r  pollutant emissions, but concentrations i n  a i r  a t  the fenceline are not expected to 

resul t  i n  any a i r  qual i ty  degradation outside applicable l i m i t s  (40 CFR 50). Estfmates o f  
pollutant to ta ls  released to the atmosphere from operating equipment during construction 
are given i n  Table 5.4.4. These quantities are developed from the to ta l  quantities o f  fuel  
burned and emission factors fo r  a given eff luent (URS 1977). 

TABLE 5.4.4. Quantit ies o f  Eff luents Released to the Atmosphere During Construction o f  a 
Geologic Repository 

for Spent Fuel 
Sal t  6 r m  i t e  Shale Basalt 

Pollutant, MT (51,000 MTHHL (122,000 MTHNL (64,000 MTHM) J122,000 MTHH) 

CO 7,900 a m  10,000 
Hydrocarbons 360 1,100 480 890 

1,500 4,500 2,200 3,800 

Sox 92 n o  130 230 
Particulates 94 270 130 230 

f o r  Reprocessing Wastes 
(62,000 MFHM) (69,000MTHM) (30,000 MMML (56,000 MTHML 

CO 8,800 16,000 9,300 15,000 
Hydrocarbons 400 740 420 660 

*x 1,700 3,100 1,800 2,800 

Sox 100 190 110 170 
Particulates 100 190 110 170 

Fmissions from o i l  burning space heaters i n  a town o f  30,000 population (about 
8,000 heaters) were estimated fo r  a 20-yr period (the approximate time sur f  ace f a c i l i t i e s  
a t  a repository are operating) i n  an ef for t  to provide some perspective f o r  eff luents 
released during construction o f  a repository. The calcul a t d  emissions were: 

CO, MT 220 
Hydrocarbons, MT 120 

NOx, MT 540 
Particulates, MT 6,000 - 
SOx, MT 460 



Dust from mining and rock transport uithin the mine i s  removed by f i l t e r s  i n  the mine 
ventilation system. However, dust generated from surface operations and rock transport to 
storage ui l l  result i n  above-ground dust. Potential dust emissions were determined using 
emission factors estimated by Cowherd e t  al. (1974). These factors were measured for rock 
aggregate storage piles ( b u t  not for salt) under dry and windy conditions when the dust  gen- 
erating potential was near maximum. Table 5.4.5 presents &s t  emissions for the various 
host rock types for both the reference environment (moist regions) and arid regions. 

TABLE 5.4.5. Maximum h s t  Emissions From Surface Handling of Mined Material, NT/d(a) 

Spent Fuel Repository 
Salt Granite Shale Basalt 

C l  imate j51,OOO (122,000 MlHM) j64,OOO MMM) (122,000 MTtfMr 

Reference 3.1 
Arid 44 

Reprocessing Waste Repository 
'lb2,000 WHM) 1(69,000 MTHML (30,000 HTm) (56,000 MTm) 

Reference 3.6 5.6 3.1 6.1 
Arid 49 79 44 86 

( a) Assuming no control techniques are .applied. 

The maximum and average concentrations o f  dust a t  the repository fenceline (1.6 km from 
repository center) Here calculated using the average annual dispersion factors (X/Q I) pre- 
sented for the reference environment. Table 5 A 6  presents these concentrations for the 
four geologic media. 

The existing primary Federal air  quality standard for suspended particulate matter com- 
puted as an annual geometric mean i s  75 g/m3. Thus, for both the reference s i t e  and any 
proposed arid site, appropriate control techniques will be necessary to assure this limit 
i s  not exceeded during surface handling of mined material. 

To give perspective to the sa l t  concentrations a t  t h e  reposf tory femellne, as given 
i n  Table 5.4.6, note that nearshore sa l t  concentrations on the eastern seaboard average 
about 140 u g h 3  at 0.5 km inland and about one-tenth of that 1 km inland. During persis- 
tently high onshore winds, the concentration may be on the order of 380 pg/m3 a t  0.5 km and 
60 ugln3 at 1 km (CONF 740302 1974. pp 353-569). 

Table 5.4.7 presents estimates of dust deposition rates from surface handling of mined 
material. Haximum deposition of dust  would occur a t  a distance of  0.4 km from surface han- 
dling operations. A t  the repository fenceline (1.6 km from the handling operations) deposi- 
tion i s  approximately a factor of 10 less. These depositions are based on the "uorst case,' 
which would consider the maximum removal rate for a year's period. - Impacts of these deposi- 
tions were they to occur are discussed later i n  the section on evaluating ecologfcal effects 
of repository construction. 



TABLE 5.4.6. particulate Concentrations a t  Repository Fenceline, Ilg/d(a) 

Spent Fuel Repositories Reprocessing Waste Repositories 
Repository Medium Maximum Average Repository Medium Maximum Average 
Salt - - Salt 
a Reference a Reference 

environment 110 66 environment 130 .. Arid 
71 

a Arid 
environment 1400 790 environment 1600 930 

Granite Granite 
m Reference 290 170 a Reference 200 120 
a Arid 3500 2100 a Arid 2400 1400 

Shale - Shale - 
a Reference WO 79 a Reference 110 66 
a Arid 1600 930 Arid 1400 790 

Basalt - - Basalt 

Reference 330 190 m Reference 210 130 
a Arid 41 00 2400 a Arid 2600 1600 

(a)  Assuming no control technfques are applied. 

TABLE 5.4.7. !lust Depositions from Surface Handling of Mined Material, gm/m2-yr(a) 

Reprocessing Waste 
Spent Fuel Repository Repository 

Distances from Hand1 ing Operations 
a.4 km 1.6 km 0.4 km - - - 1.6 km - 

Reference environment 70 8.4 
a Arid environment 870 84 

Granite 

Reference 180 22 
Arid 2200 220 

Shale 

& Reference 82 9.8 
a Arid 1000 98 

Basalt 

Reference 210 25 
Arid 2600 250 

(a) Assuming no control techniques are applied. 



The main concern related to surface stockpiles would be the need to protect the ground 
and surface waters from being contaminated with stockpile runoff, par t icu lar ly  i n  the case 
o f  sal t .  For repositories i n  salt, one plan cal ls  for an impermeable l in ing  o f  hypalon 
covered by 2 f t  o f  montmorillonite-type clay to be placed over the ent ire stockpile area 
af ter  grading and before stockpil ing begins. The hypalon and clay function as a ground- 
water protection barrier. Construction of a trench with the same type o f  protection around 
the stockpile could col lect runoff water and transport it f o r  any required treatment. If 

the mine i s  located i n  an area wfth an ar id  climate, an evaporatfon pond may provide the 
required treatment. If an evaporation pond i s  not practical, the runoff water may be 
drained in to a sump and pumped to a water treatment plant h e r e  dissolved s a l t  or other 
solids could be removed. 

Several methods fo r  disposing o f  s a l t  i n  excess o f  needs fo r  backf i l l ing have been 
investigated (D8Applonia 1976). T hese included disposal at sea, back f i l l i ng  abandoned 
mines, and use i n  the s a l t  trade. Sal t  stockpiles crust quickly and industry does not 
spread asphalt or chemicals on top of stockpiles to  prevent loss o f  sa l t  through erosion. 
However, covering the p i les wfth asphalt or rock and earth may be an appropriate means of 
assuring dust control i n  the long term. Several methods appear to  control or sat is factor i ly  
reduce movement o f  s a l t  by wind and water. The DOE recognizes the potential f o r  contamina- 
t ion  o f  land by s a l t  and, i f  a repository i s  located i n  salt, i s  committed to  i t s  proper 
control or suitable disposal. 

Shale could conceivably contain amounts of soluble minerals that would be detrimental 
to the environment. Precipitation could leach these minerals and pol lute surface and ground 
waters. Moreover, i n  a cold climate, freezing o f  the wet rock might resul t  i n  fragmentation 
and l fberat ion o f  particulates, result ing i n  particulate pol lu t ion o f  the streams. The . 
shale stockpile area could be covered with a blanket of mntmari l loni te clay and sloped 
toward a col lect ing ditch. The surface water would then drain i n to  a se t t l ing  pond to  col- 
l ec t  s i l t  and sands. From the pond it would be pumped to  a water treatment plant where 
minerals i n  solution would be removed before release u n t i l  surface f a c i l i t i e s  are decomnis- 
sioned. (At present no provision i s  made for  water treatment after the surface f a c i l i t i e s  
have been decommissioned.) 

Granite and basalt general 1 y do not contain noxious soluble substances. Therefore, the 

stockpile area would not need special treatment and surface water would not have to be 
treated. 

Sanitary waste w i l l  be collected i n  a sewer system that i s  connected to  a local sewer 

trunk, if available, or given secondary treatment at the repository and disposed of i n  
accordance with local and Federal regulations. Storm drains w i l l  be separate from the sani- 

tary sewer system and w i l l  lead to a storm drainage pond i n  the general yard area. 

Although dust and nonradiological pollutants generated during construction have a 

recognized potential f o r  temporary adverse effects, with proper contml measures, no long- 
term effects are expected to  result. 



5.4.3 Radiological Effects 

The release to the atmosphere of naturally occurring radon and its decay products d l 1  
increase during mining of the repositories. Estimated quantities of these radionuclides 
likely to be released annually t o  the biosphere for the various geologic media are listed 
In Tables 5.4.8 and 5.4.9. 

TABLE 5.4.8. Annual Releases of Naturally Occurring Radionuclides to Air 
. fa r  Construction of  Geologic Repository for Spent Fuel, C I  

Geologf c Medi a 
Salt Granite Shale Basalt 

Nuclide J51,000 KTHM) (122,000 MTHML 154,000 MHH) (122,000 MTHM) 

TABLE 5.4.9. Annual Releases of Naturally Occurring Radionuclides to  Air for  
Construction of Geologic Repository for Fuel Reprocessing Waste, C i  

Geologic Media 
Salt Granite Shale Basalt 

Nuclide 162,000 KTHM) J69,000 M M M L  (30,000 MTHML (56,000 MTHM) 

A sumnary of 70-yr whole-body doses t o  the construction work force and t o  the regional 
population from the releases of "enhancedaa quantit ies of naturally occurring radionuc li des 
is glven i n  Table 5.4.10. 

The 70-yr dose from undisturbed naturally occurring radionuclides is about 7 rem/per- 
son. The 70-yr dose to the regional populatfon is about 14,000,000 man-rem from undisturbed 
naturally occurring sources. 

In this report, 100 to  800 health effects are postulated to result i n  the exposed popw- 
lation per million man-rem. Based on the calculated doses to  the regional population, no 
health e f f e  ts are expected to result f r m  construction of a geologic repository for spent 
fuel or for reprocessing wastes. 

- 



TABLE 5.4.10. Sumnary of 70-Yr mole-Body Dose Cmitments from 
Naturally Occurring Radioactive Sources During 
Mining Operations a t  a Repository, man-rem 

spent' Fuel Repositories 
Salt 6 - ranite Basalt Sh ale 

Repository I .  

Work farce (7 yr i n  
the repository mine) 0.18 5000 6200 1900 
~opulation (within 80 km) 0.007 100 15 38 

5.44 Evaluatlon of Ecological Impacts Re1 ated to  ~epositories(') 

Construction of surf ace f ac i 1 i t i e s  at  ' repositories w i  11 involve t h e  r'emoval of vegeta- 
tion and displacement of birds and small mamnals from the s i te  areas. Weedy species of 
plants would invade cleared areas unless revegetation practices are applied. Localized dust 
problems would occur u n t i l  vegetation cover is re-established. 

Soil'erosion control measures will be needed to prevent surface 
pended solids to  nearby land and surface waters. If only reasonably 
used, effects from construction i f  the surface* faci l i t ies  on aquatlc 
negligible. 

5.4.4.1 Ecological Effects Related t o  Repositories i n  Salt 

rundff from adding sus- 
good practices were 
biota should be 

The major ecological impact would be from fugitive dus t  depositions which might occur 
from surface handling operations of mined material. Of most concern are the estimated s a l t  
depositions at  the repository fencell ne of  8.4 and 84 g/m2-yr for the reference and arid 
environment, respectively. These depositions were calculated from the case -&ere 
3.0 x lo7 MT of sa l t  was mined w i t h  1.3 x lo7 MT remaining on the surface for final 
disposal. 

Adverse biotic effects on vegetation wuld depend upon many factors, including rate of 
uptake, short- and long-term sensitivity of species to effluent concentrations, period of 
exposure, the physiological condition of the vegetation during the time exposure and buildup 
of sa l t  over time. impingement upon vegetation w i t h  subsequent fol iar absorption appears 
to be the most hazardous mode of entry. Uptake of s a l t  solutions by foliage is a rapid and 
relatively efficient process (Bukocac and Wittier 1957). Crops particularly sensitive t o  
sa l t  effects are alfalfa, oats, clover, wheat, Indian rye grass, and ponderosa pine. These 
plants are seriously damaged during germination and young-leaf stage development. Orna- 
mental vegetation types that are susceptible t o  sa l t  concentrations are dogwood, red-maple, 
Virginia creeper and wild black cherry. Visual symptoms of toxicity are fol iar  necrosis, 
short-time dieback and "moldedM growth habits. Beans are particul arly sensitive showing 
wilting of areas on primary leaves followed by necrosis of previously wilted areas and 

- 
(a) In the follcuring discussion of ecological impacts it is assumed that no precautions are 

taken. Impacts presented can be reduced to  Ins f gnif icant levels through application of 
available engineering techniques. D0E.h comnitted to  discovery and resolution of  any 
potentially significant specific ecological effects. 



chlorosis of young t r i fo l i a t e  leaves. Effects on vegetation will dep-end on a i r  concentra- 
t ion and time of exposure as well as humidity. Generally, ah a i r  concentration above 
10 pg/m3 w i l l  a l t e r  distribution and growth of plants (Bernstein and Hgmrrd 1958). Because 
fenceline ground level concentrations for  s a l t  dust released from surf ace storage and 
handling operations will exceed th i s  level, a significant affect would be expected. The 
deposition ra tes  are in the range of 40 t o  95 gm/m2/yr fo r  observable leaf-bum on such 
plants as beans. ' ~ a s e d  on the assumptions made for  determining s a l t  depositions, mitigating 
procedures would be needed t o  reduce s a l t  dispersal a t  least  two orders of magnitude t o  
ensure that emission concentrations are well below levels toxic t o  plant l i fe .  Once con- 
taminated, sa l  t-aff ec ted soil  s wit 1 require special remedial measures and management prac- 
t i ces  to  restore them t o  their  original productivity. 

Potentially, s a l t  wwld be deposited as dust on the land and would also be transported 
by runoff to nearby surface waters. Sal t  concentrations on the order of 8000 parts per mil- 
lion (ppm) are lethal to freshwater fish under conditions of z u t e  exposure (Jones 1964), 
and the reconmended limit for  chronic exposure is 80 ppm or 0.01 of the acute toxicity level 
(NAS 1972). The possibili ty exis ts  for  surface waters, particularly shallow, catch basin- 
type ponds, to  receive amounts of s a l t  sufficient to damage indigenous aquatic plants and 
animals. Resident species might also be replaced by more salt-tolerant forms. 

In addition t o  effects  from dust  deposition, localized effects  occur from leaching 
around the surface storage area. Fluctuatfons in  concentrations of soi l  sa l in i ty  wuld 
depend on precipitation, drainage, seepage, wind and rain erosion rates, and s a l t  concentra- 
t ions in water and a i r  tha t  come into contact w i t h  the soil. Increased sal ini ty  around the 
storage area wwld decrease or eliminate plant growth, because h igh  s a l t  concentrations in  
soi l  reduce the ra te  a t  which plants absorb water. T h i s  would limit the use of vegetation 
t o  increase the aesthetic bual i t ies  of the storage area and to control dust.  

5.4.4.2 Ecological Effects for  a Repository in Granite 

A deep geologic radioactive waste repository in granite would be potentially less eco- 
logically damaging than a s a l t  repository and as a consequence would require fewer mitigat- 
ing measures. During construction, about 8 x 10' M .of rock w l d  be mined and 4 x lo7 M. 
wwld require disposal. Far convenience of operation the granite would probably be crushed 
in t h a  nine before being brought t o  the surface, thereby reducing the airborne dust ccntami- 
nation a t  the surface. 

Possible methods of disposal include removal for  use in construction projects (egg., 
dams, highways) or surface disposal. Neither of these a1 ternatives pose serious ecological 
problems. ' Apart from land use associated w i t h  surface storage of the mined material, 
several hundred tons of airborne particulates m a y  be released yearly, Environmental release 
of t h i s  material t o  land or surface water could be limited by establishfng a vegetation 
cover for  the stored rock, and by proper draining and ponding the surface runoff. - 

During ~ons t ruc t ion  o f  a granite repository, as w i t h  shale and basalt, water mqy enter 
e i ther  through downward flow from the overlying s t ra ta  or through upwelling from lower 



layers. The volume of water entering the repository is generally directly related to repo- 
sitory size and will be greatest during the last  stages of construction-operation when the 
repository is near its maximum size. For granite the estimated inflow of  water could be 
about 1500 $/day (400,WO gallday). Ntch of this water will be removed as water vapor by 
the mine ventilation system, although sane of the water w i l l  probably require collection i n  
sumps i n  the mine and pumping to  the surface. Nonradiological water quality standards will 
have t o  be met before this effluent is released to land or surface waters. Disposal of this  
water w i l l  only be necessary u n t i l  the repository is sealed off. However, the maximum vol- 
ume of water that would likely need treatment and disposal probably will be less than 
760 m3/day and is not expected to  create ecological problems. ' 

5.4.4.3 Ecoloqical Effects for a Repository i n  Shale 

In the case of a deep geological repository i n  shale about 3.5 x lo7 M of rock would 
be mined and 1.4 x 10' KT would require disposal. The mined material would be crushed 
before it is brought to  the surface, a practice that will reduce the release of dust above 
ground. Several disposal methods m q y  be applicable for mined shale not r&uired for back- 
f i l l ing of the mine. These methods are surf ace storage, ocean disposal, and placement i n  
abandoned mines. Each of these alternatives has some potential for causing ecological 
impact. Mine storage may contaminate ground-water supplies that may, i n  turn, impact ecolo- 
gical systems; some local b u t  poorly defined impacts may result from ocean disposal; and 
surface storage may remove land from the available natural habitat and be a source of acid 
runoff. 

Shale m q y  contain up to 0.5% iron pyrite, which will produce sulfuric acid when exposed 
to oxygen and water. Runoff fran storage piles, water pumped from the mine, leaching of 
shale if it were disposed of i n  abandoned mines, storage, and ocean disposal may provide 
sources of this acid waste to the environment. The actual quantities and acidity of t h i s  
waste water have not been defined. Potenti a1 ecological impacts will probably be localized 
and highly s i t e  specific. Factors such as the ambient pH of the soil and receiving water, 
their buffering capacity and the interaction w i t h  other physical and chemical parameters 
will be important i n  controlling the affects. To afford a moderate level of protect1 on for 
aquatic life, the pH of freshwater systems should be between pH 6.0 and 9.0, and there 
should be no change greater than 1.0 u n i t s  outside the estimated seasonal maximum and min i -  
mum (Jones 1964). In marine waters, the addit ion of foreign material should not reduce the 
pH below 6.5 or raise it above 8.5, and within the normal range the pk should not vary by 
more than 0.5 u n i t s .  Natural plants and animal comni t i es  are found on sofls ranging from 
acid bogs to highly alkaline arid environments, and limits of appropriate release would be 
s i t e  specific. 

As was the case w i t h  the granite repository, shaft and mine l i q u i d  effluents are 
expected to seep into the shale repository dur ing  construction. The estimated maximum 

3 inflow during the last stages of construction will be about 19,000 m /day (5,000,000 gal/ 
day). Most of this water w i  11 be collected i n  sumps, pumped to  the surf ace and treated. 
One or more holding ponds will be used to retain the water prior to  cleanup and release to  



the environment. Discharge of th is  volume of water t o  the environment could require piping 
or ditching to  reduce erosion, and could require sufficient cleanup and neutralization of 
acid t o  prevent environmental impact. 

5.4.4.4 Ecological Effects for  a Repository in Basalt 

The expected ecological impacts from the construction and operation of a basalt geolo- 
gic reposi tory will be small and similar to  that  of a granite repository. Some impact will 
occur from noise, dust, and disturbance of surface soil. T h i s  w i l l  be mainly confined 
w i t h i n  the 81 ha (200 acre) control zone. 

About 9.0 x lo7 MT of basalt rock will be mined and 4.4 x lo7 MT will require disposal. 
Suggested disposal methods i nc1 ude surf ace storage and use i n large construction projects 
( e.g., highways). Several hundred tons of dus t  will be released per year unless reduced by 
establishing vegetation on the spoi 1s piles. Erosion through! runoff w i  11 be control led by 
ditching and catch basins. Environmental release of silts from runoff will be small, 
because the basalt deposits under. consideration for  a repository are i n  arid regions. 
Except for  land u s e  considerations, the impacts of the basalt repository w i l l  be of l i t t l e  
ecological consequence. 

5.4.4.5 Ecoloqical Impacts Related t o  Repositories for  Reprocessing Wastes 

Ecological effects of reposltory construction for  the reprocessing wastes are expected 
t o  be similar to  those of spent fuel repositories. Impacts from s a l t  repository construc- 
tion fo r  these fuel reprocessing wastes are slightly greater than for  spent fuel because 
& a r t  20% more s a l t  is mined. Impacts of granite, shale, and basalt repository construction 
are less than impacts of spent fuel disposal, because about 32%, 15%, and 34% less mate- 
r ials ,  respectively, are mined. Again the major ecological impact i s  from dus t  depositions 
that occur from surf ace handling operations of mined material. O f  major concern is the 
potential for sa l t  depositions a t  the s a l t  repository fenceline of 11 and 110 g/m2-yr for  
the reference and arid environments; respectively. 

5.4.5 Nonradiological Accidents 

Table 5.4.11 sumnarizes the number of predicted injuries (temporarily disabling) and 
fa ta l i  t i e s  (or permanently disabling injuries) associated w i t h  surface f ac i l i t y  construction 
and underground mining operations for  the various geologic media for  spent fuel and fuel 
reprocessing waste repositories. These predictions are based on an injury ra te  of 13.6 tem- 
porary disabling injuries per million hours of construction (National Safety Council 1974) 
for the surface fac i l i t ies ,  and an injury ra te  of 25 temporary disabling injuries per m i l -  

lion man-hours for underground mining (other than coal). A fa ta l i ty  rate  of 0.17 f a t a l i t i e s  
(or  permanently disabling injuries) per million man-hours of construction (same s i te )  for  
the surf ace f ac i l i t i e s  and 0.53 f a t a l i t i e s  per mil lion man-hours for  underground mining 
(other than coal) were used. - 

Normalizing the construction injuries and fa t a l i t i e s  based on standard Industrial sta- 
t i s t i c s  to a 100,000 MTHM spent fuel repository, the injuries by rock type are about 860, 



TABLE 5.4.11, Estimates of Nonradiological Disabling In juries and Fatalities Associated 
w i t h  Repository Cons ruction Based Upon Current Industrial Statistics for 
Similar ~perat ionda 

Spent Fuel 
Geologic Media 

Salt Granite Shale Basalt 
(51,000 MTHML 1122,000 MTHM) (64,000 tirmM1 (122,000 MTHM) 

Surf ace Facility 
Construction 

e Disabling Injuries 70 70 70 70 
Fatalities 1 1 1 1 

Underground Mining 
Operations 

Disabling Injuries 370 1400 580 1700 
Fatalities - 8 - 30 - 12 - 37 

Total 
0 Disabling Injuries 440 1500 650 1800 

Fatalities 9 31 13 38 

Fuel Reprocessing Uaste 
sa l t  Granite Shale Basalt 

(62,000 MTHM) 169,000 MTHM) J30,000 MTHM) (59,000 MTHM) 

Surf ace Fac i 1 i ty 
Construct1 on 

Disabling Injuries 84 84 84 84 
0 Fatalities 1 1 1 1 

Underground Mining 
Operations 

Disabling Injuries 420 
Fatalfties - 9 

Total 
0 Disabling Injuries 500 1100 590 1300 

Fatalities 10 22 12 26 

(a) Disabling injuries include only temporary disabJing injuries; fa ta l i t ies  include 
permanent disabling injuries. 

1200, 1000 and 1500 for salt,  granite, 'shale and basalt, respectively; fa ta l i t ies  amount to 
&out 18, 25, 20, and 31 for salt,  gr&ite, shale and basalt, respectively. These losses 
need to be recognized as perhaps the largest impact associated w i t h  the routine management 
of radioactive wastes, and DOE plans for  rigorously enforced safety programs t o  reduce these 
potential losses. 

5A.6 Environmental Effects Re1 ated t o  Repository Operation 

The operational phase of spent f w l  reposi tortes w i  11 i ncl udethe receiving, handling, 
and placement of spent fuel elements into assigned subterranean storage areas and the subse- 
quent backfilling of these areas when they reach capacity. Simi 1 arly, the operational phase 
of the' repositories for reprocessing fuel cycle wastes includes the receiving and handling 



of wastes, placement of waste canisters and other containers into assigned subterranean 
storage areas, and the subsequent backfilling of these areas when full. 

5.4.6.1 Resource Comnitments 

Resource comnitments for operation of a geologic repository for spent fuel are sunt- 
marired i n  Table 5.4.12. Resource comitments for operation of a geologic repository for 
fuel reprocessing wastes are sumnarized i n  Table 5.4.13. 

TABLE 5.4.12 Resource Comnitments for the Operational Phase of Spent Fuel Geologic 
Repositories 

Sat t Granite Shale Basalt 
Materials (51,OOOMTHM) (122,000MTHM) (64,000MTHMl (122,000 MlHM1 

PWR canister overpacks, 2.5 x 101 5.4 x 101 2.8 x 101 5.4 x 101 
steel, MT 

BWR canister overpacks, 2.8 x 101 6.2 x 101 3.6 x 101 6.2 x 101 
steel, MT 

PWR retrtevability sleeves 
(5-yr only) steel, MT 8.8 x 103 8.8 x 103 8.8 x 103 8.8 x 103 

BWR retrievabil i t y  sleeves 
(5-yr only) steel, MT 1.0 x 104 1.4 x 105 1.0 x 104 1.4 x 105 

PWR concrete plugs 7.5 x 103 7.5 x 103 7.5 x 103 7.5 x 103 
(5-yr only), 

BWR concrete plugs 7.4 x 103 7.4 x 103 7.4 x 103 7.4 x 103 
(5-yr ~ n l ~ ) ,  MT , 

Energy 

Elec t r ic i ty  ( k ~ h )  1.5 x 109 3.2 x lo9 1.7 x 109 3.2 x lo9 
Diesel fuel (2)  2.1 lo5 3.2 x lo5 2.3 x lo5 3.2 x lo5 
Coal (Mt) 1.2 x lo6 1.8 x lo6 1.3 x lo6 1.8 x lo6 
Manpower (man-years) 1.1 lo4 2.0 lo4 1.3 lo4 1.9 x lo4 

5.4.6.2 Nonradiological Effluents 

.The major nonradiological effluent from faci l i ty  operation would be fugitive dust emis- 
sions from surface handling of mined materials, as was discussed under construction impacts 
(Section 5.4.4). Other nonradiological pollutants released to the biosphere during the 
repository's operational l i f e  are given i n  Tables 5.4.14 and 5.4.15 for the various geologic 
media. These pollutants include combustion products from burning diesel fuel (URS 1977) 
during underground mining operations and from surf ace burning of coal (OW1 1978). 

The estimated releases of pollutants from a geologic repository as given i n  
Table 5.4.14 would not, i n  any case, result i n  Federal Air Quality Standards being exceeded 
at the repository bwndary. For exanple, the maximum cpncentration of particulates a t  the 
repository bwndary (1.6 b from point. of release, where the WQ' is 1 x W6 sec/d) was 
estimated to be 0.8 pg/m3 compared to the standard of 75 ug/m3. - 

I 

Heat released from buried nuclear waste w i  11 increase the tenperatwe of the geologic 
formation i n  which it i s  buried and may alter the physical and chemical properties of the 



TABLE 5.4.13. Resource Comnitments for  the Operational Phase of Fuel Reprocessing Waste 
Geologic Repositories 

Materials 

H L W  can i s t~ ,gyrpacks ,  
M steel a 

RH-TRU canister averpacks, 
M steel 

RH-TRU drum packs, MT steel 
H L W  r e t r i e  bi i t y  sleeves, 

s t e e l k I  
RH-TRU ratrievabili y 

sleeves, M steel tc)  
HLU concrete p~ug,(c) MT 
RH-TRU co t e  plug, MT '78 concrete 

Energy 

Electricity, kWh 
Coal, MT 
Diesel fuel, d 
Steam, MT 
Hanpwer , man-yr 

Salt  
562,000 MTHM) 

Granite Shale 
(69,000 MTHFSL J30,OOO MTHM) 

Basalt 
(56,000 HlXM) 

(a) 6terpackreguirements are based on 0.1% of canisters received leaking or damaged, 
(b) HLW canister and sleeve diameters change w i t h  time as necessary to  maintain canister 

heat output w i t h i n  limits. 
(c) Sleeves and plugs needed f o r  f i r s t  five years only. 

TABLE 5.4.14. Total Quantities of Effluents Released t o  the 
Atmosphere During Operation of a Geologic 
Repository fo r  Spent Fuel 

Geologic Medium 
Effluent Sal t  Granite Shale Basalt 

Particulates, MT 430 670 480 670 

SOx, MT 9,700 15,000 11,000 15,000 
CO, MT 2,400 3,700 2,700 3,700 
Hydrocarbons, MT 870 1,400 980 1,400 
NOx, MT 15,000 24,000 17,000 24,000 
Heat, MJ 3.9 x lo8 ,9.3 x lo8 4.9 x lo8 9.3 x lo8 

formation. The heat will eventually be transferred to  the atmosphere and, i f  the tempera- 
tures and temperature gradients have not exceeded values that  would cause damage t o  the for- 
mation or adversely affect the containment integrity or the environment, the formation will 
return essentially to its in i t ia l  state,  The m a x i m u m  surface temerature increase In any 
case is not expected to  exceed about 0,5*~,  This aspect is discussa more fu l ly  i n  Sec- 
tion 5.5 and i n  DOE/Ef-0029. 



TABLE 5.4.15 ~ o t a l  Quantities of Effluents Released-to the 
Atmosphere During Operation of Geologic 
Repository f o r  Reprocessing Wastes 

Geologic Medim 
Effluent Sal t  Granite Shale Basalt 

Particulates, MT 510 540 350 480 

sox, M'r 12,000 12,000 7,800 11,000 
CO, MT 2,900 3,000 2,000 2,700 
Hydrocarbons, MT 1,000 1,100 710 980 

Nox, 17,000 19,000 12,000 17,000 
Heat, MJ 7.6 x lo8 8.3 x lo8 4.3 x lo8 7.0 x lo8 

5.4.6.3 Radiological Releases 

Routine radiolagical releases from geologic repositories durlng normal operation w i  11 
consist principally of radon emanating from exposed rock faces and radon's decay products. 
These releases will also occur f r m  backfilling operations but are negligible conpared t o  
radon releases during repository construction. Occasionally, external contamination may 
occur on canisters as a result of some minor accident. The population dose from decontam- 
ination ac t iv i t ies  would be much less t h a n  that  from operation a t  a spent fuel packaging and 
storing fac i l i ty ,  for  which the 70-yr whole-body population dose was determined t o  be about 
1 man-rem (DOE/ET-0029). 

Doses t o  Me work force during repository operation will include contributions from 
receiving, handling, and placement of waste canisters into subterranean storage areas. 
Doses estimated t o  resul t  from operations, based on expected time of operation and permis- 
s ible  exposure limits, are presented below for disposal of wastes for  the various geologic 
media: 

70-Year Who1 e-Body Dose (man-rem) 
Geologic Media Spent Fuel Repository Reprocessing Haste Repository 

Sa l t  4.3 lo3 1.4 x lo5 
Granite 1.1 lo4 1.6 x lo5 
Shale .. 5.6 x lo3 8.0 x lo4 
Basalt 1.1 lo4 1.3 x lo5 

Radiation-related health effects using the conversion factor of 100 t o  800 health effects  
per million man-rem (Appendix E) suggests a range of zero t o  130 health effects  among a 
workforce of about 8000. The doses tabulated suggest individual worker doses of about 
1 rem per year over a 15-year repository loading period. 

5.4.6.4 Ecological Impacts 

The major ecological impact of repository operation would be from the handling of mined 

materials a t  the surface during repository mining and backfilling. Impacts would be caused 
by the' airborne transfer of mined particulates t o  the environment near the site. These 



impacts would be greatest for the repository i n  salt.  Mitigating procedures may be neces- 
sary to control this potential threat to the environment. Impacts of fugitive dust were 
discussed i n  Section 5.4.4. 

5.4.6.5 Socioeconomic Impacts 

Socioeconomic impacts associated w i t h  the construction and operation of repositories 
are dependent largely on the number of persons who move into the locality i n  which the 
facil i ty will be located. Because of this, the size of the local 'project-generated popula- 
tion influx was forecasted, and estimates of their needs for locally provided social ser- 
vices were determined. Specific economic and fiscal impacts attributable to the development 
of the repository cannot be treated here because they are too s i t e  dependent 

Socioeconomic impacts also depend on s i t e  characteristics ( see DOE/ET-0029, Appendix C) 
and the assumptions used for forecasting. Site characteristics that are especially impor- 
tant i n  influencing the size of the impacts include the availability of a skilled local 
labor force, secondary employment, proximity to a metropolitan area, and demographic diver- 
s i ty  (population size, degree of urbanization, etc.) of counties i n  the comnuting regfon. 
An additional factor i n  the generation of impacts i s  the time pattern of project-associated 
population change. For example, a large labor force buildup followed closely by rapidly 
declining project employment demand could cause serious economic and social disruptions near 
the s i t e  and elsewhere w i t h i n  the comnuting region. 

Impacts are estimated for three reference sites, identified as Southeast, Midwest, and 
Southuest (see Appendfx 6). These areas were chosen because they differ substantially in 
demographic characteristics, thus providing a reasonable range of socioeconomic Impacts. 

The socioeconomic model employed in this analysis f i r s t  forecasts a regional population 
i n  5-yr intervals i n  the absence of any project activities. This population forecast serves 
both as a comparative baseline and as a source for a portion of the postulated future pro- 
ject employment. The model takes into account both primary (project related) and secondary 
enployment effects ('such as additional retail store clerks) and incorporates as separate 
components spouses of members of the labor force and other dependents. Projected residences 
of regional migrants associated w i t h  the project are distributed t o  counties throughout the 
comting region. The model accounts for separation and retirement from project employment 
and replacement by new labor force members. I t  also accounts for the tendency of  workers 
and their dependents to leave the region upon job sc?paration. 

In the follwing analysis, impacts are presented i n  terms of an expeted level of 
impact. Maximum levels of impact were also calculated and appear i n  DOE/ET-0029. The 
expected impact condition i s  based on the most likely value of model assumptions, whereas 
the maximum impact condition places an extreme b u t  credible value on the model assumption. 

Table 5.4.16 presents the manpawer requirements for construction and operation of a 
single waste repository involving spent fuel or reprocessing of wastes. 

Table 5.4.17 presents estimates of the cum1 ative projec t-related in-migrants for the 
three reference repository s i tes  i n  salt. Similar estimates were made for granite, shale, 



TABLE 5.4.16 Estimated Manpower Requirements for Construction and 
Operation of a Si le Waste Repositor , by Disposal "1 Average Annual Emp oyment (3-yr. peakf 

Reprocessing Waste Repository 
Construct1 on Operatlon 

Salt 1700 870 2000 1300 
Granite 4 2 0  1100 3000 1300 
Shale 2200 800 2100 1200 
Basalt 5000 1100 3800 1500 

TABLE 5.4.17. Forecasts of Expected Population Influx for a Geologic Repository i n  Salt 
(51,000 Vaste Capacity): Number of Persons and Percent of Base 
Popu 1 at i on a) 

Site 1980 1985 2000 2005 
Spent Fuel Repository Southeast 330 (1.9%) 540 (3.0%) 660 (3.3%) 700 (3.4%) 

Midwest vo 0.8%) 710 0.9%) 740 0.9%) 
4,200 t 8.5%) 5,000 t 9.2%) 5,100 I 9.1%) 

Reprocessing Waste Southeast 410 2.3%) I Repository Midwest 200 0.4%) [ 
Southwest 6,200 (12.4%) 5,700 (11.3%) 6,800 (12.1%) 6,9110 (12.0%) 

(a) The dates shown are f i r  one possible scenario and do n i t  attempt to reflect actual sche- 
dules. The effects of population influx are expected to  be substantially the same 
regardless of actual startup date. 

and basalt and are presented i n  DOVEr-0029. The forecasted values include primary and 
secondary workers and associated household dependents, a l l  of whom are in-migrants. Some 
of the persons who separate from the facil i ty w i  11 stay i n  the site county and some will 
leave. Those who will stay are included i n  the forecasted values. Thus, not al l  forecasted 
populations are actually working on or directly associated w i t h  the project a t  each time 
period. Nevertheless, the presence of each of these persons would be caused by the exis- 
tence of the project; they would probably not be present if the project did not occur. The 
percentages associated with each population i n  these tables reflect .the size of the in -  
migrant group relative to the baseline population i n  the respective sites. Since these 
baseline populations vary by site, the relative impact of a similar in-migrant group can 
vary greatly. 

Manpuuer requirements for construction of disposal faci l i t ies  are lowest for a reposi- 
tory i n  sa l t  and highest for a repository i n  basalt. For a spent fuel repository i n  sal t ,  
the total numbers of forecasted new in-migrants i n  the Southeast and Midwest s i t es  under 
expected impact conditions are under 3% of the site.county populations i n  the construction 
(1980-1984) and operation (1985-2005) phases. In-migration at thfs level 4s not' l l b l y  to. 
produce significant impacts. The effect of a repository i n  sa l t  a t  the Southwest s i t e  is 
substantially different. The number of' in-migrants during construction is over three times 
the level of primary employment, d m a n d ' ( 4 2 ~  versus 1700). Project related inr igra t ion 
that exceeds 10% of the corresponding baseline population is considered to produce signifi- 
cant impacts. In-migration t o  the Southwest site exceeds this  level i n  most cases. For a 
repository i n  granite, expected jmpacts a t  the Southeast and Midwest s i tes  are judged to be 



non-significant. Again, the Southwest s i t e  is subjected to relatively large impacts, pri- 
marily because there is a scarcity of skilled available local labor. 

The translation of forecasted projec t-related in-migration into socioeconomic impacts 
is complex and imprecise. Estimates of the level of demand that will be placed on the com- 
munity to provide social services to  the new workers and their families Here made by apply- 
i n g  a set  of factors (see WE/ET-0029, Appendix C) to the proJect in-migration values. The 
product indicates how many units of each social service would be *expectedn by the 
in-migrants. The severity of these impacts is primarily related to the capacity of the 
s i te  county to adsorb these expected values. To contain a l l  of the spent fuel i n  a 
10,000 We-yr scenario, eight reference repositories i n  salt, three i n  granite or basalt, 
or six i n  shale were estimated t o  be required; thus ,  the impacts described would occur 8, 
3, or 6 times (but  i n  different places) depending on the medium chosen for disposal. In a 
similar way the impacts for construction of fuel reprocessing waste repositories wuld occur 
6, 7 or 10 times depending on media chosen for disposal. (See Chapter 7 for  nunhers of 
repositories required i n  different pimer grwth scenarios.) 

The calculated level of the expected need for additional social services a t  the three 
reference s i tes  i s  given for the year 2000 for spent fuel and fuel reprocessing repositories 
i n  Tables 5.4.18 through 5.4.21. Identification of social services that would likely be 
required indicates the potential extent of socioeconomic impacts. The ability of cmuni -  
t i e s  to provide services identified here, w i t h  or w i t h o u t  financi a1 assistance, is highly 
site-specific and is beyond the scope of this document. Sane of the social services listed 
can be described as operational, such as physicians and teachers. These needs are more 
easily met on a temporary, less-costly basis than are those services that require major 
capital investment. The latter include hospital beds to the extent that hospital space is 
also needed, classroom space, and additional sanitary waste treatment capacity. Capital 
investment needs are forecast to  be large, especially i n  the Southwest si te ,  and to  the 
extent that they persist over time, they w i l l  represent a serious challenge to  cmuni ty  
planners and local government. The increase i n  the local crime rate is only one indicator 
of the social disruption and a sense of a decline i n  social well-being experienced by com- 
mun i ty rest dents faced w i t h  1 arge-scale development. This analysis does not address one 
site-specific but  very important impact of any major construction activity; that is the 
impact of increased property values, increased taxes and increased cmodi ty  prices on 
fixed-income families. 

In general, the reference Southwest s i t e  is more likely to sustain significant socio- 
economic impacts canpared w i t h  the other two sites, because it has a smaller available 
unemployed construction labor force, lacks a nearby metropolitan center, and is subject to  
the generation of greater secondary employment growth compared w i t h  the other sites. If a 
repository were to be built  i n  an area h e r e  demographic conditions approximated that of 
the Southwest site, a detailed analysis of site-specific socioeconomic impacts would be 
needed to  help prevent serious disruptions i n  provision of  necessary social services. 



TABLE 5.4.18. Selected Expect6d Social Service Demands Associated.with Migration i n t o  the 
S i t e  County Resulting from the Construction and Operation o f  a Geologic 
Repository i n  Sal t  

Selected Social Services 
Health 

Physicians and dent ists 
Hospital and nursing care . 

beds 

Education 
Teachers 
Classroom space, m2 

Sanitation 
Water treatment d / d  
Liquid waste, d / d  

F i r e  and police, personnel 

Recreation areas, ha 

Government 
Administrative s t a f f  

Other social impacts 
Crimes (7 crime index) 

. ..-rn 
Spent Fuel Repository 

Southeast Midwest Southwest 
S i t e  S i t e  S i t e  

- - - -  

Reprocessing Waste Repository 
Southeast Midwest . Southwest 

S i t e  S i t e  S i t e  

TABLE 5.4.19. Selected Expected Social Service Demands Associated wi th  Migration i n t o  the 
S i te  County Resulting from the Construction and Operation o f  a Geologic 
Repository i n  Granite , 

Year 2000 
Spent Fuel Repository Reprocessing Uaste Repositor 

Southeast Midwest Southwest Southeast Midwest Southwes 
Selected Social Services s i t e  

Health 
Physicians and dentists 
Hospital and nursing care 

beds 

Edwcatl on 
Teachers 
Classroom space, in2 

Sanitation 
Water treatment $/d 
~ i q u i d  waste, d / d  

F i re  and police, personnel - 

Recreation areas, ha 

Government 
Administrative s t a f f  

Other social impacts 
Crimes (7  crime index) 

S i t e  S i te  S i t e  S i t e  Si  t e  



T W E  5.4.20. Selected Expected Social Service Demands Associated w i t h  Migration into the 
Site County Resulting fran the Construction and Operation of a Geologic 
Repository i n  Shale 

Year 2000 
Spent Fuel Repository Reprocessing Haste Repository 

Southeast Mldwest Southwest Southeast Midwest Southwest 
Selected Social Services Site Site Site Sf t e  Si t e  Site 

Health 
Physicians and dentists 
Hospital and nursing care 

beds 

Education 
Teachers - 
Classroom space, m2 

Sanitation 
Water treatment d / d  
Liquid waste, d / d  

Fire and police, personnel 

Recreation areas, ha 

Government . 
Admf nistrative staff 

Other social impacts 
Crimes (7 crime index) 

TABLE 5.4.21. Selected Expected Social Service Demands Associated with Migration into the 
Site County Resulting from the Construction and Operation of a 6eologic 
Repository i n  Basalt 

Year 2000 
Spent kuel Reposl tory Reprocessing Waste Repository 

Southeast Midwest Southwest Southeast Midwest Southwest 
Site Site Site , Site 

-. -- 

Selected Social Services Site 
Health 

Physicians and dentists 1 
Hospital and nursing care 5 

beds 

Educatf on 
Teachers 14 ' 
Classroom space, m2 1,300 

. Sanitation 
Mater treatment d / d  550 
Llquid waste, d / d  370 

Fire and police, personnel 3 

Recreation areas, ha 1 

6overnment 
Administrative staff 1 

Other social impacts . 
Crimes (7  crime index) . 45 



5.4.6.6 Environmental ~ f f e c t s  Related to  Postulated Radiological Accidents 

Several accidents that could result i n  the release of radionuclides were analyzed for 
the spent fuel repositories. The accidents were chosen on the basis of their probability 
of occurence and kadiological consequences. Of accidents which might occur during the 
operation phase, the drop of a spent fuel canister down the repository mine shaft was most 
serious and i t s  effects are presented here. Severe accidents after repository closure are 
treated i n  Section 5.5. Scenarios are provided in WUET-0028. 

For the accident involving a canister dropped down a repository mine shaft, radionu- 
clides are assumed t o  be released to the mfne atmosphere from the failed canister over a 
period of 1 hr. An elevator load is  assumed t o  include four spent fuel assemblies contain- 
ing 2 H T H ~  of spent fuel that are assumed to  be ten years out of the reactor. The radioac- 
tive materials that would be released t o  the environment from such an accident are presented 
i n  Table 5.4.22, The releases were determined using the assumption that material released 
i n  the mine shaft passes through a roughing f i l t e r  and two HEPA f i l t e r s  ( total  Decontamina- 
tion Factor (DF) for particulates of lo7) prior to  release t o  the environment through a 
110-m stack. Frequency of occurrence of the accident is postulated to be 1 x loo5 per yea*. 

Based on these releases, the 70-yr whole-body dose commitment to the maximum individ- 
u a ~ ( ~ )  was calculated t o  be 3.5 x rem. The 70-yr whole-body doses to  the world-wide 
population would be 8.7 ban-rem, compared w i t h  4.5 x lolo man-rem from naturally occurring 
sources. 

Accidents were a1 so postulated for the geologic repository for reprocessing wastes 
that might lead to release of radionuclides to the environs and are listed in Table 5.4.23. 
Scenarios are provided in Section 7.3.1.9 of DOE/ET-0028 and analyses of the accidents are 
presented i n  WVR-0029. Non-design-basis accidents are discussed i n  Section 5.5. 

Of the m i  nor accidents, the contac t-handled transuran ic (CH-TRU) waste drum rupture 
accident ( hand1 ing error) Mas considered most representative of the m i  nor accidents. In 
this minor accident, a forklift operator error is' assumed to result i n  the breach of one 
drum'of CH-TRU waste. The accident can occur i n  the surface facil i ty or i n  the CH-TRU waste 
mine shaft and has an estimated frequency of  0.15/yr. For the 0.63 MTHM equivalent con- 
tained i n  a single drum, a release fraction of 2.5 x 10'~ over a release time of 30 minutes 
was used. 

Radioactive materials that would be released to the outside environment from t h i s  acci-. 
dent are presented i n  Table 5.4.24. The releases are assumed t o  be the same whether the 
accident occurs' i n  the surfax facility or the CH-TRU waste mine, since al l  releases. would 
be released from a mine exhaust stack approximately 100 m high. 

(a) The maximum individual i s  defined as a permanent resident a t  a i & M m  1600 m southeast 
of the s t  ck w i t  the time-integrated atmospheric dispersion factor (E/Q) of 
1.3 x 10-g SW/IU~. 



TABLE 5.4.22. Radioactive Material Released t o  the Atmosphere from a 
Spent Fuel Canister Drop-Down-Mine-Shaft Accident a t  a 
Geologic Repository 

Radionucl ide C i Radionucl ide C i  

3~ 6 2 3 8 ~ u  4.0 x loo6 
14c 4 ,c lo-2 2 3 9 ~ u  5.8 x loo7 
8 5 ~ r  4 lo3  2 4 0 ~ u  9.0 x 10'~ 
90~r 1.0 1.4 x 10'~ 
9oY 1.0 241Arn 3.2 x lod 

129 I 6 x 10'~ 244b 1.8 x lo6 
137 cs 1.5 x 10'~ 

TABLE 5.4.23. Postulated Accidents f o r  the  Geologic Repository f o r  Reprocessing Wastes 

Accident Number 

M i  nor 7.1 

Moderate 7.5 
7.6 
7.7 
7.8 

Accident 

CH-TRU transuranic waste drum rupture caused by a 
handling error 

Minor canister f a i l u r e  due t o  rough handling 
External ly contaminated canister 
Receipt o f  dropped shipping cask 

Canister drop i n  surface f a c i l i t y  
Canister drop down mine shaft 
Tornado s t r i kes  s a l t  storage p i  les 
CH-TRU waste drum rupture caused by mechanical damage 

and f i r e  
CH-TRU waste drum rupture caused by in terna l  explosion 

TABLE 5.4.24. Radioactive Material Released t o  the Atmosphere from a CH-TRU 
Waste Accident a t  the  Geologic Repository f o r  Reprocessing 
Wastes, C i  

Nuclide 

3~ 

14c 
'j0co 
9 0 ~ r  
95#b 

l o 6 ~ U  

U and Pu Recycle Nucl ide U and Pu Recycle 

6.3 x 10'~ 1.6 x 10" 

Based on the CH-TRU releases l i s t e d  i n  Table 5.4.24, the 70-yr dose commitment t o  the - 
maximum ind iv idua l  was calculated t o  be 1.0 x 10-l2 rem, which i s  a number so small as t o  be 
e f f ec t i ve l y  zero. For the same period, the maximum indiv idual  would receive about 7.0 rem 

from na tu ra l l y  occurring sources. 



The 70-yr worldwide populz&on dose from 3~ and 14c calculated for this case is 
appmxlmately 3.9 x 10-l8 man-rem, which is effectively zero when compared w i t h  

10 4.5 x 10 man-rem received from naturally occuwing sources. 

Calculations of the effect of a drop of a fuel reprocessing waste canister down the 
mine shaft indicated that t h i s  would be categorized as a moderate accident in terms of 
release outside the repository. Some of the canistered waste is assumed to  be released to 
the mine atmosphere from four failed canisters in a time period of 1 hour. Canistered waste 
will be one of three forms: 

0 Solidified High-Level Wastes: 

- Glass (175 kg/MTHM)--13 kg of particles less than 10 m in diameter will be 
released to mine filters. Postulated frequency of occurrence is 7 x 10-~/~r.  

- Calcine (52.5 kg/MTHM)--31 kg of particles less than 10 m will be released to 
mine filters. Frequency of occurrence is 7 x 

RH-TRU Wastes--1.3 kg of Zircaloy fines less than 10 m i n  diameter will reach 
the mine filters.  The postulated frequency of occurrence is 2 x 

The radioactive materials that would be released to the outside environment for the 
various waste forms are presented i n  Tables 5.4.25. These releases were calculated assum- 
ing that material released i n  the mine shaft passes through a roughing f i l te r  and two HEPA 
filters (OF of lo7) prior to escaping to the environment through a 110-m stack. 

Doses t o  the maximum individual from these accidents are given i n  Table 5.4.26. The 
doses i n  Table 5.4.26 are insignificant in terms of the radiation dose of 7 rem the 
individual would have received from natural ly occuring sources over the same time period. 

TABLE 5.4.25. Radionuclide Releases for a Waste Canister Dropped Down 
a Mine Shaft at a Repository for Reprocessing Wastes, C i  

Nuclide Gl ass Calcine Nuc 1 i de 

3~ 
14c 
*co 
6 3 ~  i 

5 4 ~ n  . 

9 5 ~ b  

137cs 
144~e 
238~u  
2 3 9 ~ u  
2 4 0 ~ u  
241~u 
241h 

242cm 

RH-TRU 



TABLE 5.4.26. 70-Yr mole-Body Dose Commitments t o  
Maximum Individual from Drop 
of Waste Canisters i n to  a Geologic 
Repository 

70-Yr Dose 
waste Comnitment, rem 

High-Level .. 

Calcine 1.2 lo4  
61 ass 1.4 x log5 . 

RH -TRU 1.7 x 10" 

I n  sumnary, radiological aspects o f  repository construction and routine operation 
including reasonably forseeable accidents u h i l  e f i 1 t i  ng and decarnnisioning the repository 
do not constitute a signif icant impact on public health and safety. 

5.4.6.7 Radiological Impacts of Operating Accidents on the Work Force 

I n  the case o f  reprocessing waste, the calculated f i rst-year total-body dose t o  a mem- 
ber o f  the repository work force near the point of  impact o f  four canisters of high-level 
waste dropped d m  a mine shaft would be 26,000 rem f o r  waste i n  glass, about 210,000 rem 
f o r  the waste i n  calcine form, and about 7,600 r e m  f o r  the spent fuel  case; a l l  f a t a l  

doses.(a) The exposure rate i n  the corridor due t o  contamination o f  surfaces w u l d  be 
approximately 20 R per hour from the waste (about 5 R per hour i n  the case o f  spent fuel). 
Such exposure rates would make decontaminating the corridor impossible by osdinary means; 
some sort  o f  remote operation similar t o  tha t  o f  dismantling a reactor core wwld be needed. 
Hawever, design changes t o  the transfer stations i n  the repository and the use o f  two stages 
o f  HEPA f i l t r a t i o n  between the shaft and other portions o f  the mined repository would prob- 

ably l w e r  the occupational doses t o  repository workers to  within acceptable ranges. These 
changes would l i m i t  the area contaminated t o  the transfer station and possibly the canis- 
tered waste (CW) shaft; although a i r  f l w  should preclude signif fcant contamination i n  the 
CW shaft. Limit ing the contaminated area should also decrease the time required for decon- 
tami nation and resumption o f  repository loading. 

5.4.6.8 Other Environmental Impacts 

An a r t i s t  I s  rendering, based on engineering data, o f  the above-ground f a c i l i t i e s  asso- 
ciated with a geologic repository was shown i n  Figure 5.3.1. Mith the exception o f  the mine 
spoils piles, these f a c i l i t i e s  wwld not be expected to  be any more of a detraction than any 
other mining or industr ial  f a c i l i t y  o f  comparable size. Although the exclusion boundary 
could be viewed as a detraction i n  i t se l f ,  the exclusion area w i l l  l i k e l y  l i m i t  the visual 

impacts o f  the above-ground repository fac i l i t i es .  

(a) %The source terms used i n  these calculations are believed t o  be unreal is t ica l ly  pessi- 
mist ic but additional engineering analysis i s  necessary before the source terms can be 
reduced with confidence. 



The spoils piles could have an adverse visual impact. If l e f t  onsite, these spoils, 
if piled 3 meters high (about 10 feet), would occupy abeut 2 t o  5 kn2 ( 4  to 2 square 
miles). T h i s  amount of material is equivalent to  13 to  44 mil lion tons of rock, depending 
on repository host rock, and might be used i n  the construction of markers for the 
repository. 

In the case of repositories i n  sal t ,  l i t t l e  noise other than that from traffic would 
be expected in conjunction uith repository construction. In the case of shale repositories 
construction would probably be performed wi th  occasional blasting when encountering tightly 
bound hard portions o f  the rock; otherwise, as i n  the case of salt,  l i t t l e  noise would be 
discernible a t  the surface. In the case of basalt and granite, almost all  rock removal will 
require blasting and, as a consequence, considerable blast noise or, more likely, ground 
rumble would result. The degree of annoyance produced would depend in large part on the 
proximity of populated areas to  the repository. 

There were no identifi able sourtes of odor unique t o  the construction and operation of 
a geologic repository for radioactive waste. Increased a i r  pollution from construction and 
comnuter vehdcles is expected; houever, this is not expected to be experienced as odor. 
Stacks a t  the coal-fired support plants will be designed to  mitigate noxious odors and ash 
from coal burning. 
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The objective o f  disposal o f  rad i  oactive wastes i n  deep geologic reposi tor ies i s  t o  
provide reasonable assurance(b) t ha t  the radionuclides contained i n  these wastes i n  b io log i -  
c a l l y  s ign i f icant  concentrations w i l l  be permanently isolated from the human environment. 
The fol lowing presentation examines the l ike l ihood and consequences o f  events that  could 
compromise t h i s  objective over' the mi l len ia  fol lowing repository closure. 

No s ign i f i can t  long-term physical impacts are expected t o  r e s u l t  from having placed the 
heat-emitting radioactive wastes i n  geologic repositories as described previously i n  t h i s  
Statement whether located i n  salt, granite, shale or basalt formations. Although heat from 
decaying radionuclides w i l l  u l t imate ly  reach the surface of  the earth v i a  conduction through 
overlying rock, temperature r i ses  a t  the surface were estimated t o  be less than 0.5'~ i n  a l l  
cases. Such a temperature r i s e  i s  insignif icant. Heat f lowing i n t o  and through the rock 
surrounding reposi tor ies w i l l  cause expansion of the rock and would resu l t  i n  some u p l i f t  
a t  the surf  ace. The largest up l i f t s  (over several centuries) are expected t o  be on the 
order o f  0.3 to 0.6 m (1 to 2 ft) i n  shale, and 1.2 t o  1.5 in (4 to  5 f t )  i n  s a l t  a t  the cen-' 
t e r  o f  the 800 ha (2000 acre) repository area. 

Subsidence of the formation containing a waste reposi tory fo l loufng closure or collapse 
o f  the void spaces tha t  remained after the mine has been back f i l l ed  (back f i l l ed  t o  60% o f  
volume) might occur at  reposi tor ies ,in s a l t  and shale. Up l i f t  and subsidence are expected 
to occur over very long time periods, and as a consequence no impacts associated w i th  earth 
movement are expected t o  resul t .  For reposi tor ies located i n  granite and basalt, subsidence 
or u p l i f t  i s  believed unlikely. 

Nuclear waste reposi tor ies w i l l  be sited, loaded, and sealed wi th  every expectation 
that  long-term radiological  impacts w i l l  be nonexistent. There are, however, a feu h igh ly  
improbable events tha t  can be postulated t o  take place singular ly (or i n  combination u i t h  
smaller p robab i l i t y  events) tha t  might resu l t  i n  radioactive wastes reaching the biosphere. 
Three kinds o f  events leading to release o f  some of the reposi tory contents were postulated: 

d i rect  release of  contents t o  the atmosphere: Such release could fo l low volcanic 
act iv i ty ,  impact o f  a large meteorite o r  large nuclear weapon, or, on a much 

'longer t ime scale,denuding of the earth t o  the depth o f  the repository by erosion 
or glaciation. Releases and consequences of these events are believed t o  be ade- 
quately represented by those o f  a me tek i t e  str ike; however, the probabi l i t y  o f  
occurrence could be substant ia l ly di f ferent.  

(a) "Long-ten" as used here means hundreds t o  tens-of-thousands o f  years a f t e r  the reposi- 
to ry  has been closed. 

(b) 'Reasonable assurance* i s  admittedly a subjective expression. While DOE believes t ha t  
s h a l l w  land bur ia l  f o r  spent fuel, HLW, remotely handled TRU UP f ue l  reprocessing 
wastes would no t  give such reasonable assurance, DOE believes t ha t  a t  some depth isola- 
t i o n  i s  reasonably assured. Depths on the order of hundreds of meters are believed t o  
meet t h i s  requirement. 



a release via water: Water might enter a repository as a result of flooding or 
seepage following the breach of overlying rock by such mechanisms as fracturing by 
faulting, nearby impact of meteorite or nuclear weapon, thermal stresses caused by 
decay heat from the radioactive waste, mechanical stresses resulting from adjust- 
ment of repository rock following excavations, or failure of shaft andfor bore 
hole seals. Plausible events can be postulated whereby water enters even a nell- 
sited repository; far less plausible are events that would bring the potentially 
contaminated water back t o  the surface or to aquifers reasonably penetrable by 
wells. 

a release via man-made intrusions: . These might Include exploratory drilling, solu- 
tion mining of sal t  or phosphates; or cavern construction for storage of oi l ,  
industrial wastes, compressed air, etc. 

Several of these events were chosen to provide a basis for estimating the risk of waste 
disposal to society. Events represen tat  ive of the above categories are: 

meteorite impact t o  the waste bearing stratuda) 

a fracturing through rock overlying the repository by faulting followed by stream 
flooding or slow groundwater infusion 

0 exploratory drilling through a uaste canister 

solution mining for sa l t  content, i n  the case of a repository i n  sa l t .  

The event analyses that follow are based on the concept of "what i f u  they occur. In 
cases where probabilities could be assigned, they were used to provide an estimate of 
societal risk from the disposal of radioactive waste i n  deep geologic repositories. Fol- 
lowing each accident discussion, a description of any action that may be taken to mitigate 
the consequences of the accident is  presented. 

Modeling methods used to estimate the consequences of the accidents are described i n  
the appendices: Appendix 0, Models 'Used i n  the Dose Calculations; and Appendix E, Radio- 
logically Related Health Effects. Methods not described i n  the appendices are referenced 
i n  the text. 

The radiological release consequences of the meteorite and faulting and flooding 
(ground-water transport) accidents are based on the assumption that breaches occur i n  the 
repository host rock itself and consequently, d l  ff ering properties of the different host 
rocks do not enter into the calculation of the consequences. Therefore, the differences i n  
consequences i n  terms of repository media are inventory related; results differ only because 
of the different amounts of waste disposed of i n  each repository. The amounts i n  the repos- 
itories were developed on the basis of waste emplacement i n  800 ha per repository and are 
as foiiows: 

- 
(a) Representative in the sense of release and consequence b u t  not necessarily i n  the sense 

of probabi l i ty of occurrence. 



Fuel Reprocessins Waste 
Spent Fuel HLEJ RH & CH-TRU 

Salt 51,000 v ( a )  62,000 MTHM 100,000 MTtiM 
Granite 122,000 69,000 108,000 
Shale 64,000 30,000 56,000 
Basalt 122,000 56,000 92,000 

If the amount of disposed waste, rather than the size of the repository, were held constant, 
the radiological consequences would be the same for each geologic medium. In other words, 
once the radionuclides are outside the repository proper, their movement away from the 
repository i s  governed by the same set of assumptions regardless of repository media. (This 
limitation of the analysis would be improved upon i n  site-specific analyses when s i t e  tpe- 
c i f ic  data or sorptive properties of adjacent rock become available.) 

In the case of faulting and flooding wi th  stream transport the assumption was made that 
the same amount of waste was removed by water regardless of repository medium. Repository 
medium affected consequences only i n  sa l t  repositories; the presence of sa l t  along w i t h  the 
wastes would likely preclude use of the emergent stream as 'a source of drinking water or 
food. Thus, except for the case of sa l t  entering the biosphere w i t h  the waste radionuc- 
lides, no analysis was made of the waste repository medium's i n f  hence i n  the consequences 
of the postulated long-term events, 

In the case of human intrusion by drilling, the same amount of waste was assumed to be 
brought to the surface regardless of repository media. 

5.5.1 Repository Breach by Meteorite 

Breach of a repository would be possible by a meteoiite estimated to be about 25 m i n  , 

diameter str ' iking a point on t h e  surface above the center of the repository a t  a speed of 
about 20 kmhec on impact. If the meteorite% density is 8 g/cd (which is representative 
of iron or nickel-iron meteorites), the mass of the meteorite a t  contact would be about 6.5 
x lo4 M and would have an energy equivalent to about 3 megatons of TNT. This meteorite 
would produce a crater roughly 2 km i n  diameter at  the surface and 600 m deep a t  its deepest 
point. No clear evidence i s  available to suggest that meteorites of this size have created 
craters this deep, over the age of the earth. On the other hand, the presence of astroblemes 
suggests that the earth has been h i t  by very large extraterrestrial bodies (Claiborne and 
Gera, 1978). 

1emperatures.at the impact point of the meteorite strike would reach millions of 
degrees, and most of the meteorite plus some of the surrounding rock would be vaporized. 
Some of the rock material would be pulverized and ejected rnto the a i r  as the crater formed. 
Most of the ejected material would fa l l  back into the crater and its inmediate vicinity. 

(a) Metric tons of heavy metal i n  the case of spent fuel or spent fuel equivalent i n  the 
case of reprocessing wastes. 



If the meteorite had an energy equivalent o f  about 3 megatons o f  RIT, the overal l  ef fects 
would be somuhat l i k e  those from a nuclear weapon but without the prompt radiat ion effect.(a) 

Thus, a shock wave as well as thermal ef fects could be expected. If a 3-megaton nuclear 

weapon were detonated, any individual residing within 4 Ian from the point  o f  impact would be 

k i l l e d  or would suffer a t  least second-degree burns and other in jur ies  from the blast, f a l l -  
ing buildings, and f l y i ng  debris, etc. 

Radioactive materl a1 suspended by a meteorite impact would be dispersed by two modes, 

developed on the bas Is ' o f  nuclear cratering tes t  results: A typical  cloud formation con- 
s i s ts  o f  a central coltunn r i s i ng  about a doughnut-shaped base surge, which r o l l s  outward 
from the crater. One-half o f  the suspended material i s  dispersed i n  the central column and 
one-half i s  dispersed i n  the base cloud. For the reference midwest site, the material i n  

the central cloud i s  also dispersed evenly across the eastern ha l f  o f  the United States and 

then moved around the world a t  high altitude. Compared t o  the base cloud, it does not con- . 
t r ibu te  s ign i f icant ly  to loca l  (radius o f  80 km) fallout. Because o f  large overpressures 
i n  a i r  produced on impact o f  the meteorite, local  low-altitude winds are assumed t o  have no 

af fec t  on dispersion of  material. 

I f the meteorite impact penetrated to a depth o f  600 m, the impact i s  a rb i t r a r i l y  

assumed t o  resu l t  i n  dispersion of about 1% of the repository inventory. The amounts of 
various radlonuclides ejected depend on the length o f  time between repository closure and 
meteorite impact. This event was examined f o r  a meteorite s t r i ke  a t  the assumed time o f  

repository closure (therefore maximum waste disposal Inventory) and f o r  1000, 100,000 or 
1,000,000 years thereafter. Assumptions about dispersion of radioactive material after 
meteorite impact are sumnarized below. 

Ten percent o f  the part iculate radioactive material dispersed i s  assumed to  be o f  res- ' 
pirable size ( 3 ~ ,  14c, 85~r, are assumed t o  be released as gases and a l l  

other radionuclides are assumed to be i n part iculate form). The remaining 90% o f  the par- 
t i cu la te  material f a l l s  back lmnediately in to  or near the crater and does not contribute t o  
the regional population'dose. For calculation o f  the dose t o  the regional population, the 
amount dispersed i s  also reduced by an additional one-half to account f o r  t h i  d is t r ibut ion 
o f  material between central and base clouds. 

First-year and 70-year cumulative doses t o  the whole-body f o r  various times o f  repos- 

i t o r y  breach and f o r  repositories i n  various media are presented i n  Tables 5.5.1 and 5.5.2. 
Doses t o  individual organs, a breakdown of dose by pathway, and tabulations o f  the radionuc- 
l ides o f  importance I n  the repository are given i n  DOEIET-0029. Calculated doses are 

d i rec t l y  proportional t o  the fractlon of inventory released; thus, i f  it were postulated 
that  10% rather than 1% of  the inventory was dispersed, the reported dose would be 10 times 

higher. 

(a) There does not appear t o  be a d i rect  equivalency between the energy o f  the meteorite and 
the nuclear weapon. Claiborne and Gera (1978) conclude that the l a r  est presently 
deployed missi le capable o f  carrying a 25-megaton bomb would f o rma  8 70-m crater; i f  a 
50-megaton bomb were deployed a crater up t o  500 m may be formed. Other calculations 
made f o r  th i s  Statement based on the work o f  Glasstone (1964) suggest that  a bomb on the 
order o f  130negatons ( a i r  blast) would be requlred to produce a crater 2 km i n  diameter 
and 600 m deep. 



TABLE 5.5.1. First-Year Whole-Body ~ose(a )  to M a x i m u m  Individual-- 
Repository Breach by Meteorite Strike, ran 

~ i m e  of Event Salt 

Year of closure 
Spent Fuel 
Reprocessing 
Uastes 

Closure + 1000 years 
Spent Fuel 
~eprocessing 
Uastes 

Closure + 100,000 
Years 

Spent Fuel 
Reprocessing 
Wastes 

Closure + 1,000,000 
Years 

Spent Fuel 
Reprocessi ng 
Uastes 

Granite Shale Basalt 

(a) Doses displayed i n  Tables 5.5.1 through 5.5.5 reflect relative differences 
i n  host rock media only to  the extent that different amounts of waste are 
involved on a per-area basis. 

TABLE 5.5.2. 70-Year Whole-Body Dose Comitment to Maximum Individual-- 
Repository Breach by Meteorite Strike, rem 

Time of Event Salt Granite Shale Basalt 

Year of closure 
Spent Fuel 3 . 9 ~ 1 0 6  1 . 0 ~ 1 0 7  5 . 1 ~ 1 0 6  1 . 0 ~ 1 0 7  
Reprocessing 4 . 7 ~ 1 0 6  4 . 0 ~ 1 0 6  2 . 9 ~ 1 0 6  4 . 7 ~ 1 0 6  
Wastes 

. . Closure + 1000 
Years 
Spent Fuel 3 . 6 ~ 1 0 2  9 . 5 ~ 1 0 2  4 . 7 ~ 1 0 2  9 . 5 ~ 1 0 2  
Reprocessing 3 . 6 ~ 1 0 2  4 . 3 ~ 1 0 2  2 . 2 ~ 1 0 2  3 . 6 ~ 1 0 2  
Uastes 

Closure + 100,000 
Years 
Spent Fuel 3 .3x102  8 . 9 ~ 1 0 2  4 . 4 ~ 1 0 2  8 . 9 ~ 1 0 2  
Reprocessing 3.0 x  101 2.5 x  101 1.8 x  101 3.0 x  lo1 
Wastes 

Closure + 1,000,000 - 
Years 
Spent Fuel 1 . 7 ~ 1 0 2  4 . 5 ~ 1 0 2  2 .2x102  4 . 5 ~ 1 0 ~  
Reprocessing 9.4 7.9 5.8 9.4 
Wastes 



The maximun individual, who i s  4 km from point  o f  impact, uould not survive the i n i -  

t i a l  b las t  of the meteorite. Regardless, doses i n  the  f i r s t  year fo l lowing a release o f  

wastes by  a nleteorite i n  the year of closure would amount t o  8,000 t o  22,000 rem t o  the 

whole-body, ei ther o f  which as an acute dose would prove fa ta l .  

An estimate was made of the nunber of persons i n  the reference environment surrounding 

the reposi tory who could be expected t o  receive a t  least  500 rem i n  the f i r s t  year fo l lowing 

meteorite impact. This was done by calculat ing the r a t i o  o f  the atmospheric dispersion 
coeff ic ients a t  various points of the compass and the distance from the po in t  o f  contact. 

The number of persons so exposed amounted t o  about 30,000 for the midwest s i te.  If t h i s  
dose i s  received i n  a short time, it would prove f a t a l  t o  about half o f  these individuals; 

thus about 15,000 ear l y  radiat ion-related f a t a l i t i e s  would be expected. 

Doses t o  the maximum indiv idual  for a breach by meteorite 1000 years a f t e r  closure 

range from about 1/3 t o  3 times the cur rent ly  applicable occupational l i m f t  and i n  terms o f  

accidental exposure are not  pa r t i cu l a r l y  noteworthy. Dose t o  the maximum ind iv idua l  as a 
funct ion o f  time o f  reposi tory breach decreases slowly a f te r  the f i r s t  thousand years. For 
a breach a t  one m i l l i o n  years, the dose would vary from about 1% t o  100% o f  applicable 

occupational dose l imi ts .  

Doses t o  the regional population (2 m i l l i o n  persons w i th in  80 km) were calculated and 

are presented i n  Table 5.5.3. 

TABLE 5.5.3. 70-Year Whole Body-Dose Commitment t o  the Regional 
Popu 1 a t  i on--Repos i t o r y  Breach by Meteor i te, man-rem 

Time of Event 

Year o f  closure 
Spent Fuel 

Reprocessing 
Wastes 

Closure + 1000 Years 

Spent Fue 1 

Reprocessing 
Wastes 

Closure + 100,000 
Years 

Spent Fue 1 

Reprocessing 
Wastes 

Closure + 100,000,000 
Years 

Spent Fuel 

Reprocessing 
Wastes 

Sal t  

6.9 x 107 

6.2 x i07  

1.6 x 107 

6.2 x 106 

2.8 x 105 

7.8 x 104 

9.4 x 104 

8.5 x 104 

Granite 

1.8 x 108 

5.3 x 107 

4.2 x lo7  
5.3 x 106 

7.4 x 105 

6.6 x l o4  

2.5 x lo5 
7.0 x lo4 

Shale Basalt 



The population dose from a meteorite breach o f  a s ing le  reposi tory i n  the year o f  clos- 
7 8 ure would range from 3.8 x 10 t o  1.8 x 10 man-rem.(a) About 3.8 x lo3  t o  1.4 x lo5 health 

might be expected from t h i s  event. For a breach i n  t he  year o f  closure, the  

dose t o  the regional population i s  about 1 t o  10 times the dose received from na tu ra l l y  
occurring sources. 

As shown i n  Table 5.5.4, the  dose f o r  the  second and subsequent generations (70 years 

per generation) o f  residents i n  the regional population i s  substant ia l ly  smaller than tha t  
f o r  the  f i r s t  generation. The range o f  doses f o r  t he  second generation (from 1.1 x lo3 to  
2.8 x lo3  man-rem) may be compared to  the  dose from na tu ra l l y  occurring sources over t he  

7 same 70-yr period o f  1.4 x 10 man-rem. 

TABLE 5.5.4. 70-Year Cumulative Whole-Body Dose t o  F i r s t  F ive ~enerat ions(a) 
o f  Regional Population--Reposi t o r y  Breach by Meteorite, man-rem 

Spent Fuel Repository Sa l t  Granite Shale Basalt 

Generation 
1 6.9x107  1 .8x108  9 . 1 ~ 1 0 '  1 .8x108  
2 1.1 x lo3 2.8 x l o3  1.4 x lo3 2.8 x lo3 
3 2.1 x lo2  5.5 x lo2  2.7 x lo2 5.5 x lo2 
4 6.3 x 10' - not  calculated 
5 1,3 x 10' - not calculated 

Reprocessing Waste Repository 

Generat ion 
1 
2 1.2 lo3 1.1 lo3 7.5 lo2  1.2 103 
3 2.4 x lo2  2.1 x,102 1.5 x lo2  2.4 x lo2 
4 5.5 x lo1 - not  calculated 

5 1.2 x lo1 - not  calculated 

(a) A generation i s  taken hew t o  mean 70 years. A t  the end o f  t h a t  t ime t he  population 
i s  rep1 aced by an iden t i ca l  population tha t  l i ves  f o r  70 years, 

Within t he  reference environment (midwest), 150 persons reside w i t h i n  3.2 km o f  the 
reposi tory center, the point  o f  meteor impact. A l l  o f  these people are presumed t o  be 
k i l l e d  by the b last  and thermal effects. A s im i la r  meteorite impacting i n  t h e  metropoli tan 
area o f  c i t y  G i n  the reference environment (50 t o  80 km away) would r esu l t  i n  about 
25,000 immediate f a t a l i t i e s  w i th in  a 3.2 km radius. l o  thought i s  apparently given by  the 
publ ic  t o  the potent ia l  f o r  societal loss from meteorites s t r i k i n g  urban areas. S im i la r l y  

l i t t l e  concern should be had f o r  meteorites s t r i k i n g  a waste repository, pa r t i cu l a r l y  since 

calculated consequences are somewhat less f o r  the meteorite case. - 
(a) Normalizing the 70-yr whole-body dose comnitment from breach o f  a repos i tory  by meteor- 

i t e  t o  t he  e lec t r i ca l  energy p r  duced y ie lds  5.5 x lo4  man-rem/GWe-yr f o r  the once- S through f ue l  cycle and 3.6 x 10 man-rem/GWe-yr f o r  t he  reprocessing cycle. 
(b) Using the range o f  100 t o  800 heal th e f fec ts  per m i l  l i on  man-rem conversion fac to r  

between dose and effect. See Appendix E f o r  detai ls.  



Doses t o  the population of the eastern ha l f  of the United States were also calculated 

and are presented i n  Table 5.5.5. An assumption i s  tha t  the preva i l ing winds i n  the upper 
atmosphere w i l l  move the  radionuclides released during the accident i n  an eastward direc- 

t ion, which w i l l  expose about 160 m i l l i o n  persons east o f  the midwest reference s i te .  The 

2 m i l l i o n  persons i n  the  reference population are excluded from t h i s  calculation. See 

DOEKT 0029, Sec. 4.4.3, for addi t ional  assmptions used i n  these calculations. The largest 
8 tabulated whole-body dose t o  the eastern U.S. population of 1.5 x 10 man-rem from meteorite 

breach o f  spent f ue l  reposi tory i n  the year of closure may be compared w i t h  the 1.1 x 10' 

man-ren t h i s  population would receive from natu ra l l y  occurring rad ia t ion sources over the 

same time period. 

TABLE 5.5.5. 70-Year Whole-Body Dose Comnitment t o  Population o f  Eastern United 

States--Reposi to ry  Breach by Meteorite Strike, man-rem 

Time o f  Event 

Year o f  closure 

Spent Fuel 

Reprocessing 
Wastes 

Closure + 1000 Years 

Spent Fuel 

Reprocessing 
Wastes 

Closure + 100,000 
Years 
Spent Fuel 

Reprocessing 
Wastes 

Closure + 1,000,000 
Years 

Spent Fuel 

Reprocessing 
Wastes 

Sa l t  

5.6 x 107 

5.2 x 107 

1.0 x 107 

3.8 x 106 

1.8 x 105 
4.9 x 104 

6.3 x 104 

5.2 x 104 

Granite Shale Basalt 

If a meteorite o f  the s ize described impacted anywhere i n  the nation, the area would 

probably be declared a disaster area regardless of whether Or not i t  impacted over a waste 

repository. I f  a waste reposi tory was nearby, monitoring teams could be dispatched t o  

determine the levels o f  contamination i n  air, so i l s  and water. M i t iga t ing  action would 

depend on the levels o f  a c t i v i t y  found i n  various media andlthe areas involved. Action 

would range from withholding crops f ran  use and moving da i ry  and beef animals to  less con- 

taminated areas, t o  removing contaminated s o i l  where necessary and disposing o f  it under 

suitable controls. - 
The p robab i l i t y  o f  a meteorite capable of s t r i k i n g  the surface over the reposi tory and 

producing a crater 2 km i n  diameter a t  the surface has been est imated t o  be 2 x loJ3 per 

year (Claiborne and Gera 1974). I f the 18mathematical expectation o f  societal  r i s k "  i s  taken 
as p robab i l i t y  times consequence, the societal  r i s k  of death o r  serious genetic defect would 



be from 4 x l o 3  to 3 x lo'* health e f fec ts  from the largest dose t o  the population as pre- 
sented i n  Tables 5.5.3 t o  5.5.5 over one m i l l i o n  years. By way o f  perspective, i n  the 

United States the  societal  r i s k  o f  death by l i gh tn ing  i s  about 120 per year, o r  about 

1 x lo8 deaths per m i l l i o n  years (Accident Facts 1974). Thus, i n  t h i s  framework, the  socie- 

t a l  r i s k  frm a meteorite breach o f  a reposi tory i s  about 3 x 10-lo tha t  from I ightning 

str ikes. Even i f  the estimate o f  probabi l i ty  o f  t h i s  meteorite event was i n  e r ro r  by a fac- 

t o r  o f  a b i l l  ion (as might be the  case f o r  the p robab f l i t y  o f  a nuclear detonation over the  

repository), the r i s k  t o  society remains less than that  from l igh tn ing  and can hardly be 

considered s ign i f icant .  

5.5.2 Breach o f  Repository by Fault, Fracture, and Flooding 

This scenario i s  a combination o f  improbable events: f i r s t ,  a f rac ture or series of 

f ractures e i the r  from the surface or from near an aquifer penetrates t o  the repository, sec- 

ond, the f ractures are connected and permit water t o  reach the wastes. Two cases are 

presented, one where a f a i r l y  large stream o f  water penetrates the reposi tory and leaches 

out radionuclides and then, fo l lowing an assumed conduit, returns t o  the surface t o  form a 

stream. The second case presumes water reaches the reposi tory and leaches out radionuclides 

and transports them beyond the boundaries o f  the host rock: some o f  the nuclides ,are then 

held up by adsorption on s o i l s  outside the  reposi tory area before slowly working t h e i r  uay 

t o  the biosphere. Such scenarios are presented as being independent o f  host rock 

properties. 

These scenarios involve improbable combinations o f  events wi th  very low probabi J i t i e s  

o f  occurrence, and i n  some cases are contrary t o  the evidence available. For example, 

f au l t i ng  o f  th i ck  s a l t  un i t s  does not generally lead t o  formation o f  permeable zones, and 

the p l as t i c  behavior o f  s a l t  tends-to heal any opening. Most o f  the known f a u l t s  i n  s a l t  

formations confirm t h i s  se l f  -healing behavior o f  s a l t  (Claiborne and Gera 1974). Also, 

massive s a l t  un i t s  general ly occur i n  a geologic environment t ha t  contains clays, shales and 

argillaceous un i t s  tha t  again tend t o  deform p las t i ca l l y .  Faul ts i n  rock mater ia l  t ha t  

y i e l d  by b r i t t l e  f rac ture (granite, basalt, some carbonates) are more l i k e l y  t o  form perme- 

able zones o f  crushed, broken rock than f a u l t s  i n  sal t .  However, even i n  b r i t t l e  rocks a 

f a u l t  zone may, through the grinding and crushing o f  the material, form a zone o f  very low , 
t o  essent ia l ly  no permeability. That any f au l t  would form a continuously permeable conduit 

t o  the reposi tory i s  doubtful, even i f  a f a u l t  should occur through the repos i tory  t o  the 

land surface. 

I n  t h i s  scenario the reposi tory i s  assumed t o  be breached by f rac tu r ing  e i t he r  a t  

1000, 10,000 or  1,000,000 years a f te r  reposi tory closure. Water i n  the form o f  a stream of 

2.8 m3/~ec(a) (100 c fs)  invades the repository, flows among the wastes and enters the re fe r -  

ence environment i n  the R r i v e r  about 10 km from the reposi tory center. The stream i s  
assumed t o  be i n  contact w i th  the wastes f o r  one year. (This case - simulates the subsequent 

(a) Several c m e n t s  were received on the d r a f t  Statement t h a t  such a large f low o f  water 
was unreasonable. However, the scenario i s  not a l l  t h a t  unreasonable, a t  least  i n  the 
long t e n .  One can envision stream displacement as a r e s u l t  o f  i c e  dams, glaciat ion,  
or land s l ides to where the scenario becomes plausible a t  least  t o  the extent o f  ent ry  
o f  water. Return o f  water t o  the biosphere i s  harder t o  imagine. 



sealing of the breach l i n e  by fur ther earth movement, healing because o f  the nature o f  the host 

rock or because of plugging o f  the  water path by s i l t  car r ied by the stream.) 

Several studies have been performed t o  estimate the leach r a t e  o f  waste by water. Two 
important factors a f fec t ing leach ra te  o f  a waste mater ia l  are the waste form (chemical 

nature) and the temperature of the  so l id - l i qu id  in teract ion zone. Data reported by  Ross 

(1978), under reposi tory condit ions much more severe than would ex i s t  a thousand years after 
2 closure, indicate leach ra tes ranging fro. lod t o  l od  g/m -day f o r  reactions between 

aqueous solutions and waste glasses i n  a dev i t r i f i ed  and fractured state. Other studies by 
McCarthy e t  al. (1978), w i th  conditions o f  300'~ and 300 atmospheres, have suggested changes 

i n  waste form propert ies which might lead t o  higher leach rates f o r  sane radionuclides i n  

boros i l ica te  glass. The same processes also caused recombination o f  some o f  the radionuc- 
l ides w i th  the immediate environment to a more stable form wi th  a lower leach rate. Other 
studies i n  f i e l d  s i tuat ions a t  lower temperatures and pressure w i th  the ground saturated 

2 w i t h  water have shown ra tes as low or lower than 10-lo gmlan -day fa radionuclides i n  neph- 
e l ine  syenite glass (Mer r i t t  1976). The leach rates used i n  consequence analyses, 
Table 5.5.6, are considered h igh ly  conservative i n  view of these studies and the l i k e l y  

temperature o f  the water contacting the waste. 

TABLE 5.5.6. Estimated Leach Rates f o r  Various Forms o f  Radioactive Wastes 
Used i n  Consequence Analyses. 

Number o f  
Waste Form and ~ssumed Geometry Leach Rate qmjcm2-day Canisters Contacted 

High-level waste glass (assumed t o  be 1 x 10-4 f o r  f i r s t  10 days 210 
devi trif ied and fractured, and without any 
protect ion from the canister--1-an cubes) 1 x 10-5 thereafter 

Spent fuel (1-cm-dia spheres) (a) 1 x lo-5 

Fuel residue 1 10-5 30 

Other TRU wastes 1 10-4 480, 560 

(a) The fue l  p e l l e t  simulating a combination o f  PWR and BWR f ue l s  i s  taken t o  be a cyl inder 
1.16 an i n  diameter by 1.16 an long. Since the spent f u e l  dose calculations were made, 
the determination has been made that  spent f ue l  may  be fragmented fol lowfng i r r ad i a t i on  
and tha t  the area subject t o  leaching may be about 5 times tha t  used i n  thd o r ig ina l  
calculations (Pasupathi 1978). This fac to r  has been applied t o  doses i n  t h f s  section. 

(b) Subsequent t o  the calculat ions made f o r  t h i s  Statement on the basis o f  1230 PWR and 
1320 BWR canisters (816-MTHM) contacted by water and subjected t o  leaching, the con- 
tents o f  the reposi tor ies i n  the various media were changed. The amounts o f  spent f ue l  
contacted by water fo l lowing a l2-m-wide fracture along the diagonal of a reposi tory 
were estimated t o  be: salt;  340 MTHM, Granite; 870 MTHM, shale; 391) MTHM and basalt 
810 MTHM (DOE/ET-0029). For a l l  pract ica l  purposes the  doses tha t  fo l low would apply 
to  the breach o f  grani te and basalt repositories. Doses should be mu l t ip l i ed  by a fac- 
t o r  o f  0.4 t o  obtain doses re f l ec t i ng  a breach i n  a s a l t  reposi tory and by a fac tor  o f  
0.5 fo r  a shale repository. 

For dose calculations f o r  spent fue l  and v i t r i f i e d  high-level uasfe ( the major cont r i -  
butor to dose from reprocessing wastes), doses may be calculated f o r  other leach rates by 

mul t ip ly ing the tabulated dose by the r a t i o  o f  the assumed leach ra tes t o  the  l i s t e d  leach 

rate. 



Seventy-year whole-body dose commitments have been calculated f o r  the maximum indiv id-  

ual using the data o f  Tables 4.4.3 and 9.3.34 i n  WEIET-0029, the methods described i n  
Appendix D and the fol lowing assumptions. For cases I n  other than a sa l t  repository, 

3 aquatic food i s  taken from, and recreational ac t i v i t i es  occur near, the 2.8 m /set stream o f  

water from the repository ( th i s  assumption i s  perhaps overly simplistic since the stream 
flows f o r  only one year and l i t t l e  time i s  available f o r '  an aquatic ecosystem t o  be estab- 
lished). Drinking water i s  taken from the r i ve r  downstream from the point o f  contamination 
entry (the major i ty o f  the regional population resides down stream from the repository and 
the presumed point o f  entry of  the stream). Contaminants i n  farm products and ground con- 
tamination doses e r e  determined based on i r r i ga t i on  o f  land with water from the r iver,  I n  

3 the case o f  a repository i n  sa l t  i t  was concluded that  the 2.8 m /sec ef f luent stream would 

be so laden with s a l t  that  no fresh-water biota would be present and that  the m a x i m  indi-  
vidual would derive h is  aquatic food from the r i ve r  as opposed t o  the small stream. 

Doses t o  the'maximum individual are presented' i n  Table 5.5.7. Population doses were 
also calculated on the basis of contamination of water i n  the R r iver.  ' Seventy-year dose 
comnitments to  the maximum individual and the regional population were calculated f o r  1000, 
100,MX) and l,OM),OW years af ter  closure o f  the repository.(a) Doses to the regional 
population are presented i n  Table 5.5.8. Doses t o  other regions and f o r  the breach i n  the 

year of repository closure may be found i n  DOE/ET-0029. 

The range o f  population dose fo r  the flooding and fau l t i ng  event 1000 years a f te r  clo- 
4 5 sure amounted to 8.8 x 10 t o  1.7 x 10 f o r  spent fuel  and rep;ocessing wastes, respectively. 

U s i ~ ~ g  the range o f  100 t o  800 health ef fects per m i l l i on  man-rem, the calculated t o ta l  number o f  
health effects at t r ibutable to  t h i s  event, i f  it occurred as postulated, would be 9 t o  140 depend- 
ing on fuel  cycle. 

The probabi l i ty  o f  a f a u l t  intersecting the repository i n  a typical  bedded s a l t  basin 

such as the Delaware Basin has been estimated by Claiborne and Gera (1974) t o  be 

TABU 5.5.7. 70-Year Whole-Body Dose C o d  tment t o  Maximum Individual-- 
Repository Breach by Fault ing and Flooding, rem 

Time o f  Event 
Closure + 1,000 Years 

Spent Fuel 

Reprocessing Uaste 

Closure + 100,000 Years 
Spent Fuel % 

Reprocessing waste 

closure + 1,000,000 Years 
Spent Fuel 

Reprocess i ng waste 

Sal t  Media Non-salt Media 

(a) Calculations were presented i n  the Draf t  DOE/EIS 0046-0 f o r  a stream breach i n  2050. 
I n  deference t o  comnents on the unreasonableness o f  t h i s  event, it i s  not presented 
here; detection would be almost certain and mit igat ion o f  affects possible. At 
1000 years a f te r  closure the unrecognized contaminated stream does not seem 
unreasonable. 



TABLE 5.5.8. 70-Year Whole-Bociy Dose Cmitment t o  
the Regtonal Popul a t  ion--Repmi tory 
Breach by Faulting and Flooding 

Time of Event Man-rem 

. Closure + 1,000 Years 
Spent Fuel 8.8 x lo4 
Reprocessing waste 1.7 xalo5 

Closure + 1,000,000 Years 
Spent Fuel 1.4 x lo5 
Reprocessing waste 2.8 x lo4 

Closure + 1,000,000 Years 
Spent Fuel 7.1 x lo4 
Reprocessing waste 1.0 lo4 

(*) The increase i n  dose between breaches a t  
*1,000 and +100,000 years due princi- 
pally to the i n  tion of k a  f r m  the 
decay chain of igPu. 

4 x 1 0  The frequency that a high pressure aquifer exists w i t h  canister and surface 
access is 0.005 (00E/ET-0028, Sec. 7.4.9). A total probability for release to the biosphere 
is 2 x lod3 per year. 

Using the probability estimate of 2 x 10-13/yr and the largest number of health effects 
calculated, 140 (Table 5.5.8), the mathematical expectation of societal risk would be a t  most 
3 x 1o4l/yr a 3 'x 10') health effects over 10,000 yr.(a) 

The population dose to the regional population fran naturally occurring sources would 
7 amount to  about 1.4 x 10 man-rem over the same time period. Even i n  the maximum case, that 

of 1.7 x 10' man-rem associated w i t h  release of radioactive material from nonsalt reposi- 
tories, the doses are on the order of l% of that from naturally occurring sources. 

One of the potential long-term effects of release af radionucli des to the river would 
include the movement of these radionuclides to the ocean, where accumulation i n  mollusks may 
occur resulting i n  another pathway to human exposure. I t  was assumed that the following 
dilution factors(b) were appropriate for concentrations of elements i n  an estuary; e.g., 
concentration of cobalt nuclides i n  estuary water would be 0.01 of their concenrations i n  the 
river. 

(a) EPA comnented that the calculation of probability was incorrect (see EPA ltr. comnent 
t86; Vol. 3 App C. p 34). Tp EPA estimate of the probability of a faultin and water 

i n t r u  fm event was 4 x 10- over a 10,000-year period compared to 2 x 10-8 (2 
x &/yr x 1 x 104 yr) used i n  this Statement. EPA concluded that once a fault 
intersected the repository that the probabilfty of water intrusion in the long term 
would likely be one. WE believes the EPA argument has merit, however using the EPA 
figures increases the societal risk to only 6 x 10-5 over the 10,080 year period, 
which is s t i l l  an insignificant societal risk. 

(b) Dilution factors are highly dependent on the specific river system and estuary of 
interest. The dilution factors presented here were developed for movement of radionu- 
clides from reactor effluent water a t  the Hanford Project i n  Eastern Washington via 
the Columbia River to Willapa Bay, Washington, where oysters are harvested. 



Element 
H 

C 

Co 
N i 

Sr 

Nb, Z r  

D i lu t ion  
Factor Element 

2 Cs 

2 Sm 
100 Eu 
100 U 

100 NP 
100 Pu 

Di 1 u t  ion 
Factor 

Saltwater bioaccumulation factors were used t o  estimate the concentration o f  radionu- 

c l ides i n  the edible port ion o f  marine foods (Soldat, Robinson and Baker 1974). The 70-yr 

dose t o  the maximum indiv idual  from ingestion o f  mollusks (at  a r a t e  o f  10 kg/yr) f o r  
repository breaches a t  1,000, 100,000 and 1,000,000 years a f te r  repository closure were 
calculated. The largest o f  these. 7.2 x lo-' rem t o  the whole-body, would add about 1% t o  
the dose the ind iv idual  would have received from na tu ra l l y  occurring sources f o r  the same 
period and would not  add s ign i f icant ly  t o  the maximum indiv idual 's 70-year dose comnitment. 

. The second scenario developed f o r  the reposi tory f racture and f looding assumes t ha t  

radionuclides are leached from the waste and carr ied beyond the boundaries o f  the  host rock 
and are then transported v i a  moving (100 m/yr) ground water through the ground before enter- 
ing  the biosphere ( the R r i ve r ) .  

I n  t h i s  scenario a migration path length o f  10 Ian was investigated, using sorption 

equibrium constants (Kd values) measured or estimated under conditions a t  the Hanford Site, 
Richland, Washington. While these parameters are be1 ieved t o  be representative o f  average 

conditions t o  be expected a t  candidate sites, a l l  fac tors  could vary by several orders o f  
magnitude. 

Based on inventories o f  radionuclides i n  reposi tor ies and the models and dose calcula- 
t i o n  methods according to Lester e t  al. (1975) and Burkholder e t  al. (1975), doses were cal- 

culated for the maximum individual. (a) Total body doses are presented i n  Table 5.5.9 as a 
function o f  time since disposal and f o r  leach rates ranging from 0.1% t o  0.01% o f  inventory 
per year. (b) 

The doses given i n  Table 5.5.9 were calculated t o  r esu l t  from leaching o f  a l l  wastes 

from a 50,000 MTHM example repository i n  sal t .  These doses would be about 2.5 times higher 

f o r  the reposi tor ies i n  gran i te  or basalt and about 1.3 times higher should the event occur 
i n  a shale repository due t o  larger amounts of waste contained i n  those repositories. I n  

(a) A computer model cal led GETOUT f o r  hydrologic transport (Lester e t  al. 1978) was used 
i n  conjunction wi th  a dose t o  b io ta  model (Burkholder e t  at. 1975) as adjusted f o r  par- 
ameters developed f o r  the m i  dwest reference environment. . -  . 

(b) Several comnenters on the d r a f t  concluded t ha t  t o t a l  release o f  inventory i n  one year 
as presented i n  the d ra f t  Statement was out o f  the question. As a onsequente the 100% 
removal per- year case i s  omitted. The leach rates o f  1 x 10-5 g / d - d a y  used i n  the 
f rac tu r ing  and stream f looding scenario amounts t o  about 1% o f  inventory removed per 
year, using assumptions that  maximize the area available t o  contact water. 



TABLE 5.5.9. 70-~r (* )  Accumulated Whole-Body Dose t o  Maximum Indiv idual  f o r  
Various Leach Rates and Times of Repository Breach by Fracturing and Ground- 
Water Intrusion (reposi tory i n  salt--50,000 MTHM), rem 

Years Since 
Disposal 

Spent Fuel Reprocessing Wastes 
years years 

(*3 The computer program for t h i s  scenario used 50 rather than 70 years f o r  exposure pur- 
poses. The values tabulated were adjusted upward f o r  an addit ional 20-year exposure. 

each case the host rock was assumed t o  be surrounded by a cannon soil-rock medium f o r  which 
absorption rates would be the same. 

The largest dose tabulated was 1 rem over 70 years if the event should occur. This i s  

about one-seventh of the dose the ind iv idua l  would have received from na tu ra l l y  occurring 

sources and i s  believed t o  'be of no consequence. The p robab i l i t y  o f  t h i s  event occurring 

over a 10,000 year period i s  estimated t o  be i n ' t h e  neighborhood o f  4 x t o  2 x 

Over a time span o f  100,000 years a peak dose occurs tha t  i s  essent ia l ly  independent 
o f  leach ra te  o r  'time of reposi tory breach.. The dose i s  due p r i nc i pa l l y  t o  226~a, decay 
product o f  2 3 8 ~  (which has an extremely long At 1.4 m i l l i o n  yea& a f t e r  d is-  
posal the 70-yr dose t o  the maximum ind iv idua l  mounted t o  about 70 rem. This long-term radio- 
log ica l  r i s k  m u l d  not  be s ign i f i can t l y  different from tha t  o f  a natural ore body o f  s im i la r  

content. 

Doses t o  the regional population were not  calculated d i r e c t l y  f o r  t h i s  scenario; 

rather, an estimate was made using a r a t i o  of the per capi ta population whole-body dose and 
the whole-body dose t o  the maximum ind iv idua l  i n  the previously presented 2.8 m3/sec stream 

scenario. The r a t i o  obtained'was 1/5 and thus the per cap i ta  population dose was approxi- 
mately one-f i f th of the maximum ind iv idua l  dose. A whole-body dose t o  the  regional popula- 

t i o n  from ground-water contamination from breach o f  a 50,000 'MTHM reposi t o r i  was estimated 

by mul t ip ly ing the per capi ta dose by 2 m i l l i on ,  the s i t e  o f  the regional population. Tak- 
ing  the largest maximum ind iv idua l  dose o f  1. rem over 70 years t o  the whole body and using 

(a) Probabi l i ty  of fau l t i ng  over a 10,000 yr period of 4 x was taken fr m EPA 
comnent #I13 on the  draf t  t o  t h i s  statement. The p robab i l i t y  of -2 x 10.8 over 

, 10,000 years developed from Claiborne a Gera (1974). 
!g8 (b) About 10% of %a i s  a r e s u l t  of d y of Pu produced i n  the  reactor. About 

90X o f  the a 6 ~ a  i s  from unaltered % i n  the fuel. A f t e r  long periods o f  time, 
the pr inc ipa l  source of potent ia l  dose t o  the publ ic  i s  the uranium f r an  which the 
reactor fue l  was made. 



5 t h i s  conversion, a regional population dose o f  about 2 x 10 man-rem i s  obtained.(a) By 
comparison the dose t o  t h i s  population from na tu ra l l y  occurrjng sources over the same 

7 period would be about 1.4 x 10 man-rem. 

Unlike some of the other scenarios the contamination i n  t h i s  event could be expected t o  

reach the environment continuously over a long period of time. For example, the 70-year 

dose to the maximum ind iv idua l  decreased from 1 rern t o  0.5 rem between 2000 and 10,000 years 
af ter  disposal (a fac to r  o f  2 would be l o s t  i n  the imprecision o f  the estimate). The t o t a l  
dose to rep l i ca te  regional populations over 10,000 years would be on the order o f  3 x 10 7 

man-rem (143-70 yr generations). The t o t a l  regional population dose f o r  t h i s  same per iod 
9 from na tu ra l l y  occurring sources would be about 2 x 10 man-rem. As noted ea r l i e r  the prob- 

a b i l i t y  o f  t h i s  event occurring i s  estimated t o  be between 4 x lod1 and 2 x 1od3/yr. The 

p robab i l i t y  tha t  it would occur sometime wi th in  a 10,000-yr period would be on the order o f  

4 x 10'~ t o  2 x 10". The mathematical expectation of societal  r i s k  would be less than one 

f a t a l i t y  over 10,000 years. 

5.5.3 Faul t ing and Ground-water In t rus ion t o  a Domestic Well 

I n  t h i s  scenario a f a u l t  intersects a reposi tory (non-salt) and water frm an aqui fer  

beneath the reposi tory flows i n  small quant i ty through the reposi tory t o  an overlying aqui- 

f e r  tha t  i s  tapped by a domestic well. The domestic wel l  i s  postulated t o  be located about 

3 km down gradient from the f a u l t  and i s  capable of producing about 20 l i t e r s  o f  potable 

water per minute. 

I n  order to estimate the maximum consequences tha t  might occur from the in te rac t ion  

w i t h  the buried waste, the assumption i s  made tha t  a l l  water f lowing through the f a u l t  
enters the domestic well. This suggests tha t  the upper aquifer i s  o f  low permeability. 
Most domestic production wells are not d r i l l e d  i n  aquifers o f  low permeability. Thus, f o r  

more usual permeabil i t ies encountered, a much smaller f r ac t i on  of the waste nuclides would 

ar r ive a t  the well. The water t rave l  time from the f au l t  i n  the reposi tory t o  the domestic 
well would vary from 1000 t o  2500 years depending on the streamline the water fol lowed 

between the source and the well, while transport times for radionuclides could vary from a 
thousand to mi l l i ons  o f  years depending on the nature o f  the radionuclides and the sorption 

character ist ics o f  the medium through which the water was flowing. 

Doses were calculated from the rupture and leaching o f  1320 BWR f ue l  assemblies and 

1230 PWR f ue l  assemblies for the spent fuel repository; and 210 high-level waste ,canisters, 
30 RH-TRU waste canisters and 480 barrels of RH-TRU waste f o r  the reprocessing waste repos- 

i to ry .  A l l  o f  the stated radioact ive content i s  leached out over a 10,000-yr period. 

The maximum 70-yr accumulated whole-body doses t o  the maximum ind iv idua l  from spec i f i c  

long-l ived waste radionuclides tha t  may be o f  i n te res t  and the time a f t e r  connection w i th  

(a) I n  reviewing the Dra f t  EIS, EPA c r i t i c i z e d  t h i s  approach t o  population dose. A t  best, 
the method i s  a crude approximation of the population dose; but t h i s  approximation was 
made i n  l i e u  o f  reprograming an ex is t ing dose code so le ly  f o r  t h i s  purpose. I n  any 
event the population dose c u l d  not exceed the dose o f  the maximum ind iv idua l  times the  8 regional population (2 x 10 man-rem) and would l i k e l y  be substant ia l ly  less. (As i n  
the previous scenario o f  a stream through repository, most of the population resides 
down stream from the entry o f  contaminated water.) 



the repository that the dose would occur are as follows. Assuming that 12'1 removed f m m  
dissolver off-gas is sent to the repository and is leached at roughly the same rate as from 
spent fuel, the doses are essentially the same for either fuel cycle option. 

Radi onucl ide Dose, rem Time, yr 

I% 90 1 lo4 
"TC 22 4 lo3 
129 I 990 1 lo4 

(to the 
thyroid) 

135cs 0.2 1 x lo6 
237~p 440 1 x lo6 

The probability of the event is estimated to be on the order of 4 x i0" to 2 x 10'~ 
over a 10,000-yr period.(') 

Because of the extremely small probability of occurrence, and because of the very 
limited number of individuals that could be contaminated by such a well, the societal risk 
is believed to be insignificant. 

5.5.4 Repository Breach by Or511inq 

In this scenario, about 1000 pars after repository closure an individual (or group) 
drills 600 m into a waste repository in search of a mineral resource or for geologic study 
itself. Repository markers are no longer evident, are misunderstood, or are ignored. These 
individuals, while having the technology to drill to repository depth, do not possess or do 
not apply the knowledge and apparatus to assay material brought up in the drilling process 
and to discover its radioactive properties. (b) 

Because a probability for exploratory drilling could not be determined, an overall 
probability was not assigned to this event. In qualitative terms, someone could be explor- 
ing for potash, oil, etc.(~) in the area of a repository in salt based on the same explorr- 
tion principles that established-the presence of the formation in the first place. In other 
formations such as granite, shale and basalt, associations with any particular resources 
are not as strong as in the case of salt. The probability that drilling will occur some- 
where on the repsitory site is highly uncertain. If drilling occurs on the property, the 

(a) Probability of faulting over a 10,000-yr period of 4 x 10.' was aken from EPA comnent 

was developed from Claiborne and 6era (1974). 
4 C113 on the draft to this statement. The probability of 2 x 10' over 10,000 years 

(b) The drill crew may not be aware of radioactive material in the drilling mud as it is 
brought up; however, once samples are sent to their assay laboratory, the drillers 
would soon know of the radioactive nature of their exploratory effort. If the assay 
were crude they might conclude, in the case of drilling through a spent fuel element, 
that they had struck uranium, but very little sophistication in assay would be required 
to reco nize that the radiation spectrum was not at all like that-of natural uranium. P The rad ation characteristics of material brought up after passing through a solidified 
high-level waste canister would resemble natural ores even less. 

(c) Because of the frequent occurrence of salt deposits at depths much shallower than 600 r(l 
the explorer would not likely be drilling to 600 m in search of salt. 



probab i l i t y  tha t  the d r i l l  (0.5 m i n  diameter) w i l l  s t r i k e  a waste canister i s  0.005 per 
d r i l l  ing went, because of the r e l a t i  ve cross sectional areas involved. 

For dose calculations it i s  assumed that  during d r i l l 1  ng one-fourth o f  the waste i n  one 

canister i s  c i rcu la ted t o  the surface wi th  the d r i l l i n g  mud, and the radioact ive mater ia l  i s  

uniformly d is t r ibu ted  over 0.5 ha i n  the top 5 un o f  the surface soi l ,  

Table 5.5.10 l i s t s  the expected releases t o  a i r  from contaminated surface so i l .  These 

values are based upon 1 )  a resuspension factor o f  O.Oll/yr 2) the assumption tha t  one-fourth 
o f  the radioact ive mater ia l  i n  the top 5 cm i s  avai lable f o r  resuspension and 3) t ha t  0.10 
o f  the material resuspended i s  respirable. The maximum indiv idual  i s  exposed, on the aver- 
age, t o  the contaminated so i l  f o r  12 hr/day. Based on the releases given i n  Table 5.5.10 

and methods o f  dose calculations presented i n  Appendix D, f i rst-year doses and 70-yr doses 

t o  the maximum ind iv idua l  who w i l l  reside and grow crops f o r  h is  consumption on the con- 

TABLE 5.5.10. Respirable ~adionuc l ides Released t o  the 
Atmosphere from Sa l t  Repository Breach by 
D r i l l i n g  1000 Yrs A f t e r  Repository Closure, C i  

Radionuclide Spent Fuel HL W 

(*) The bulk o f  the C and I i s  volat ized during 
dissolut ion o f  the spent f u e l  and stored i n  
separate containers and locat ions d i f f e ren t  
than those used f o r  HLW i n  the repository. 
For these two nuclides, 100% o f  the mater ia l  
resuspended if assumed respirable. 

taminated land were calculated. The f i rs t -year  whole-body doses amounted t o  13 rem f o r  
d r i l l i n g  through a spent fuel canister and 19 rem for d r i l l i n g  through a HLW waste can- 

2 i t t e r .  The 70-yr whole body doses were 9.4 x 10 and 1.4 x lo3 rem, respectively. 

The predominant mode o f  exposure i s  d i rec t  rad ia t ion(a)  from contaminated s o i l  and - 
as a consequence, dose t o  the various organs i s  substant ia l ly  the same the f i r s t  year. 
During the 70-yr dose period the dose v i a  the ingestion pathway increases substantial ly, 

pa r t i cu l a r l y  i n  terms o f  dose t o  bone. The 70 year accumulated doses as calculated might 
r e s u l t  i n  a small increase i n  r i s k  o f  l i f e  shortening, contracting lukemia, etc, 

(a) 241~m i s  the p r inc ipa l  contr ibutor t o  the d i r ec t  rad ia t ion dose. The dose from 
breach o f  a HLW canister was reported i n  the draf t  Statement, and i n  pport ing 
documents, as about 100 times higher than here because an incorrect  2 h m  inventory 
was used. 



If the 0.5 ha of contaminated land were occupied by a housing project soon af ter  the 

d r i l l i n g  incident with about 0.1 ha per lot, f i ve  families (probably about 25 individuals) 

might be exposed to  the same extent as the maximum individual. 

Seventy-year accumulated doses calculated fo r  the regional population amounted t o  
2 2 1.1 x 10 man-rem i n  the case of spent fuel and 1.6 x 10 man-rem i n  the case o f  repro- 

cessing wastes. A l l  of the doses to the regional population (whose exposure would resu l t  
pr inc ipal ly  from resuspension and a i r  transport of radionucl ides) are substanti a l l y  less 

than those which would be received from natural ly occurring radioactive sources 
7 (1.4 x 10 man-rem over the same period). 

I n  the case of a repository i n  salt, the land (0.5 ha) would l i k e l y  be contaminated 

with s a l t  brought up with the d r i l l i n g  mud. As developed i n  more detai l  ' i n  WE/ET-0029 the 
result ing ground contaminated by 'sa l t  would not be well tolerated by ordinary crops. 

Breach of a waste canister by exploratory dr i l l ing,  i f  it occurred, could resul t  i n  a 
small increase i n  r i sk  o f  adverse health effects occurring amon; about two dozen people i n  

the imnediate area. 

If exploratory d r i l l i n g  that reached the repository level were abandoned (whether a 
canister had been penetrated or not) it could provide a means of entry o f  water in to  the 

repository. It i s  ,believed that the bore hole would not remain open f o r  long but i f  it did 

and signif icant quantities of water were t o  f l w  i n  and out the consequences would not rea- 
sonably exceed those described previously f o r  faul t ing and flooding of a repository. 

The key t o  mitigating action associated with a d r i l l i n g  accident i s  the discovery that 

radioactive material had been encountered. As stated, that knowledge would probably come 

from assay o f  the d r i l l  core or samples of the d r i l l i n g  mud, If the d r i l l e r  i s  aware that a 
d r i l l  has brought waste t o  the surface, standard decontamination methods could be used t o  
recover the contaminants, dispose of them under suitable controls, and preclude essential ly 
a1 1 of the previously mentioned radiological consequences, 

5.5.5 Solution Mining 

I n  th is  scenario a 47,000 MHM example geologic repository i n  domed salt(') i s  breached 

by solution mining 1000 years after the repository i s  closed. Although th i s  accident i s  typ i -  
f i ed  by solution mining for sa l t  recovery, solution mining i s  also used for extraction of 

other resources and for construction of underground storage cavities. This accidental breach - 
o f  a repository i s  believed to  be conceivable only f o r  an industrial ized society having tech- 

nological capabil i t ies substantial ly as exist  today. 

Basically., solution mining i n  doyed sa l t  involves d r i l l i n g  a w e l l  t o  the desired level 

and inserting a double-walled pipe so that water can be forced down the outer pipe i n to  the 
salt, where it dissolves the sa l t  in to  a brine and forces the brine back up through the cen- 

te r  pipe (Kaufmann 1960). The l i f e  of such solution wells varies markedly, some f a i l i n g  i n  

(a) Solution mining of s t ra t i f ied  sa l t  i s  believed less l i k e l y  than i n  dome sa l t  because 
of less evidence suggesting the presence o f  salt. 



a few years. For purposes of t h i s  accident analysis the well(s) cotlld operate fo r  50 years 
before being abandoned because of fa i lure  caused by cave-in and crushing and plugging of 
piping with  debris. 

This accidental repository intrusion, a4 in  the case of the dr i l l ing accident, is based 

on the assumption that  repository markers are ei ther  no longer evident, are misunderstood or 
ignored. Sa l t  deposits are relatively plentiful and dr i l l ing  t o  600 m for  s a l t  seems 
highly unrealistic. 190 probabilities could be assigned t o  this event; it is presented only 
as a hypothetical "what i f*  accident. 

Ordinarily, once the brines are brought t o  the surface they a r e  analyzed t o  determine 
the kinds and amounts of impurities such as calcium sulfate, calcium-magnesium carbonate, 
sulfides, etc., which would govern further processing t o  purify the sal t .  If radioactive 
waste is placed in repositories in s a l t  formations, s a l t  used for human consumption could 
be checked by radioanalysis as well (an inst i tut ional ly administered precaution). Calcula- 
tions suggest that radioactivity would be determinable w i t h  off -the-shelf gamna-ray spec- 
trometer apparatus on samples of a few hundred grams a t  concentrations o f  waste in s a l t  
existing a f te r  a few days of mining operation and w i t h  certainty by one month of mining 
operation. 

Assumptions of the scenario are that, although the s a l t  stratum of the reference s i t e  
is about 80 m thick, the s a l t  removed is principally tha t  from backfill, ceiling, p i l l a r s  
and floor where radioactive waste has been placed. In mining the repository about 33 m i l -  
lion tons of s a l t  would have been removed for  waste placement. This represents about one- 
fourth of the to ta l  s a l t  volume in the mined area ( in  the scenario, the repository has been 
backfilled completely w i t h  sa l t ;  actually backfill of about 60% is presently planned). The 
total  s a l t  postulated t o  be solution mined over M years is then about 130 million tons.(') 
This represents about 10% of the total  s a l t  contained in the s a l t  stratum bounded by the 
repository area. If an equal amount of s a l t  is mined in each of 50 years, the annual pro- 
ductf on would be about 2.6 million tons. In 1957 about 24 million tons of s a l t  were pro- 
duced in the United States (Kaufmann 1460). Such a solution mining operation for  s a l t  would 
exceed the size of those presently in operation in the United States; a very large operation 
in the United States- produces about 0.4 ?ill ion tons annually and in Europe a very large 
operation may produce on the order of  1 million tons of s a l t  annually. 

Given that 100 parts of water ( a t  20 t o  100 C) by weight can dissolve 36 t o  39 parts of 
s a l t ,  then over a 50-yr period a stream flow of 210 /sec is required to dissolve tha t  much 

1 

(a) Although it is believed that radioanalysis of s a l t  would resul t  in termination of the '  
operation soon af te r  start-up, the scenari o is developed based on removal of the repo- 
s i tory s a l t  over a 50-yr pwiod. Amounts of wastes and s a l t  brought to the surface 
over shorter periods of time are pro-rated basedeon water contact with a l l  wastes by 
the end of 50 years. Consequences are based on the assumption that  the presence of 
radioactivity goes undetected for  one year. 

- 



. sal t .  I f  an adequate Source o f  water i s  available, n ine wells each op-erating a t  about 

23 /sec would be suff icient. 
t 

The actual solution chemistry o f  leached radionuclides moving i n t o  the s a l t  br ine i s  

not known. An assumption of the scenario i s  tha t  radionuclides leached frm spent fue l  mix 

completely wi th  the s a l t  br ine and are car r ied t o  the surface. Although i t  may take 1/2 t o  

1-1/2 years t o  br ing a br ine well t o  production, i n  the scenario, the br ine wel l  produces 

imnediately and continuously f o r  50 years, a t  the end o f  which the ent i re  quant i ty o f  s a l t  
surrounding the waste would have been mined out. Water f low would fo l low a course o f  least  

resistance and would fo l low the previously mined cavern boundaries where possible; t h i s  

maximizes the consequences. 

Deta i ls  o f  the calculations f o r  leaching o f  radionuclides i n  spent fue l  and i n  repro- 

cessing waste w i th  the disposed s a l t  may be found i n  Sections 4.4.and 9.3, respectively, o f  

DOE/ET-0029. 

I f  3% o f  the 2.4 m i l l i o n  metric tons o f  s a l t  mined per year i s  used f o r  human consump- 
tion, then about 72,000 metr ic tons would be used for tha t  purpose. If a person consumed 

1800 g/yr then 72,000 metric tons o f  s a l t  would provide f o r  about 40 m i l l i o n  persons, For 

purposes o f  t h i s  analysis the exposed' population consists o f  40 m i l  l i o n  persons. 

Although da i l y  monitoring controls on the s a l t  would br ing at tent ion t o  the presence 

o f  contaminated salt, the possible f a i l u r e  o f  such monitoring was recognized. The pro- 

ducers' qua l i t y  assurance laboratory may not recognize the f a i l u r e  f o r  a week. That f a i l -  

ing, it might take 2s much as a year before a consumer discovered the contamination. On 

t h i s  pessimistic series o f  circumstances the conclusion was tha t  a reasonable upper bolrnd 

on waste entering the food trade would be that  i n  s a l t  produced i n  one year. Therefore, the 

consequences o f  t h i s  accident i n  terms o f  rad ia t ion dose t o  an exposed population o f  40 m i l -  
l i o n  persons from ingestion o f  contaminated s a l t  f o r  one year were calculated. The quanti- 
t i e s  o f  radionuclides which contributed s ign i f i can t l y  t o  whole-body dose and the doses 

are l i s t e d  i n  Table 5.5.11. 

TABLE 5.5.11. Amounts o f  Radionuclides (Ci) and 70-Year Whole-Body Dose 
( i n  rems t o  an ind iv idua l )  Resulting from Ingestyon o f  1800 g of 
Contaminated Sa l t  1000 years a f te r  Repository Closure 

Curies rems 
Spent Fuel Reprocessing Spent Fuel Reprocessing 
Repository Waste Repository Repository Waste Repository 

2 3 9 ~ u  1.5 x 10'~ 2.2 x lo'* 3.6 x 10'~ 5.5 

2 4 3 ~ m  6.6 x 10'~ 2.4 x 10'~ , 4.0 x 10 1.5 x 10 

Total  3.9 x 10-I 1.0 x 10-I 

The 70-yr whole-body dose commitment t o  the exposed population of 40 m i l l i o n  persons 
7 would amount t o  1.6 x 10 man-rem f o r  such an event occurring i n  a spent f ue l  reposi tory and 

6 t o  4.0 x 10 man-rem from a s imi lar  event a t  a reposi tory f o r  reprocessing wastes. These 



8 dose comnitments are less than one-tenth of the 2.8 x 10 man-rem that the exposed popula- 

t i o n  would receive over the same time period from natural ly occurring sources. The re la t i ve l y  
low population doses that  might resul t  if the event occurred indicates that the solution min- 
ing event would not constitute a signif icant societal risk.(a) 

(a) Other assessments of a solution mining event have been made i n  which d i f ferent  assump- 
t ions of repository size and amount of radionuclides reaching culinary sa l t  were made. 
In  part icular the leaching was l imited by the so lub i l i t y  o f  the uranium content o f  the 
waste. The contaminated sa l t  was calculated t o  be distr ibuted among 15 mi l l ion  per- 
sons. The 70-year dose t o  an individual f o r  t h i s  event i n  a spent fuel  repository 
amounted t o  2.3 rem. This dose i s  about a factor of 6 higher than i n  the above analy- 
sis, but w u l d  also resu l t  i n  population doses less than those from natural ly occurring 
sources. 
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COST OF GEOLOGIC DISPOSAL 

Constant dollar(') costs have been estivated f a  isolating both spent fuel a d  fuel 
reprocessing wastes in sal t ,  granite, shale, and basalt  fonations.  The costs include a l l  
construction, operating, and decomnissioning costs. The costs of federal programs for  
repository research and development have not been included in the costs stated here, b u t  are 
included in the systems cost estimates in  Chapter 7. The cost estimates are stated in terms 
of constant 1978 dollars. 

Results of t h i s  analysis show that  for  spent fuel repositories of constant s ize 
(800 ha), construction costs including mining and backfilling range from $1 bi l l ion fo r  
bedded s a l t  media t o  $3 bill ion for  basalt media. Total operating costs vary from $590 m i l -  
lion f o r  a repository in s a l t  t o  $2.4 bi l l ion for one in basalt. However, since the allow- 
able waste emplxement density in basalt  is about 2.5 ttmes greater than that  in  s a l t ,  unit  
costs for  disposal in basalt are only about 70% higher than for disposal in sal t .  Costs of 
disposal in shale are similar t o  those i n  s a l t  and costs of disposal in granite are similar 
t o  those in basalt. Cost estimates for  reprocessing-waste repositories follow a similar 
pattern. 

5.6.1 Construction Costs 

The repository construction cost estimates include owner's costs as well as f a c i l i t y  
construction. Owner's costs include land acquisition, startup costs, owner's s taff  costs 
and other costs incurred by the owner- -in t h i s  case the Federal government or i t s  
contractor--during construction. Fact1 i t y  construction costs are defined here t o  include 
the costs of a l l  labor, equipment (includi rig waste transport and emplacement equipment), 
buildings and structures, s i t e  improvements, shaft, corridor and room mining, backf i 11 ing, 
and architectjengineer services. Interest during construction is taken into account by d i s -  
counting prestartup construction costs a t  7% per year (constant dollar ra te  which excludes 
inflation). Construction cost estimates were generally based on designs prepared by the 
Office of Waste Isolation (OM) in documents Y-OWI/TM-36, Vol. 1-23. These designs have 
been revised somewhat t o  ref lect  more eff ic ient  shaft  design, construction and usage, 
revised mining schedu'l es, increased surface storage of mined rock, and more workable surface 
handling f a c i l i t i e s  (see Vol. 4, Chapter 7 of DOE/ET-0028 (DOE 1979) or Section 5.3 of this 
Statement for  repository descriptions). construction costs are derived by estimating 
requirements fo r  major equipment, buildings and structures, s i t e  improvements, and construc- 
tion labor. These direct  cost estimates are then factored t o  generate other direct  costs, 
architect/engineer costs, and owner Is costs. 

The constwction cost estimates, including a contingency factor, have an estimated 
accuracy range of 220%. This accuracy range re f lec ts  the uncertainties that  are l ikely t o  
be encountered during design and construction, but which are d i f f i cu l t  or impossible t o  

- 
(a) The term constant dollars means that  the dollar value of the estimates in a l l  future 

time periods is the same as the value of the dollar in the reference year (1978 in t h i s  
statement); i .e., the effects of inflation are removed. 



identify a t  this time, such as s i t i n g  and engineering scope requirements necessary to pro- 
vide a fully functional facility. Also included i n  the estimates are the possible variances 
of the assumed rock denslties used i n  the development of mining costs. The contingency 
factors are such that, w i t h i n  the stated accuracy range, there is  an approximately equal 
likelihood of the indicated cost overrun or underrun. The construction cost estimation 
methodology is explained i n  more detail i n  DOE/ET-0028, Vol. 1, Section 3.8. 

Construction costs for repositories i n  different media are based on a fixed repository 
area of 800 ha (2000 acres). However, since waste emplacement density is a function of the 
thermal characteristics of each type of media, actual waste quantities emplaced differ for 
each 800 ha repository. Table 5.6.1 shows equivalent waste quantities emplaced, the resul- 
tant mining requirements and the construction costs. Operating costs and u n i t  costs are 
also given i n  this table to  faci l i tate comparisons of cost relationships. These costs are 
discussed i n  subsequent sections. 

Since mining costs account for 30% to 50% of total construction costs, the total con- 
struction costs vary significantly between geologic media, However, emplacement capacity 
increases for media w i t h  higher mining costs (see Section 5.3) and the relative u n i t  cost 
differences between geologic media are smaller than the relative construction cost differ- 
ences. For example, construction costs for an 800-ha repository i n  basalt are about three 
times those of an 800-ha repository i n  sa l t  for the once-through cycle, but the cost per 

TABLE 5.6.1. 

Geologic 
Waste Type Hedia 

Spent Fuel ' Salt 
Granite 
Shale 
Bas a1 t 

~eprocess in~  
Cycle Wastes Salt  

Granite 
Shale 
Basalt 

Cost Estimates for 800-hectare Geologic Repositories 

Mined Construc- Total 
Quantity Equivalent WIttM t i on  Operating E;(C) 

lo6 WI of  Waste Emplaced Mil l ions of S Mil l ions o f  $ $/kg HM(e) 

(a) Includes mining, backf i l l ing and shaft sealing costs. Backf i l l ing and shaft sealing costs are 
approximately 10% of to ta l  construction costs. Uncertainties i n  construction cost estimates 

operating cost estimates are about +25%. 
costs. Uncertainties i n  unTt cost estimates are about 250%. 

(d) The metric ton of heavy metal (MTHM) equlvalent o f  high-level waste stared a t  the i n i t i a l  
repository i s  less than the KVM equivalent of TRU wastes since the high-level waste must be 
cooled 5 years before it can be sent t o  the repository and deliveries to  the repository lag 
behind TRU waste deliveries. 

(e) Costs may be expressed i n  SIGH-yr by mult iplying by 38,000 KgHMIGtl-yr. 



kilogram of disposal in a basalt repository is only 67% higher. These unit cost relation- 
ships may change somewhat for repositories of optimized size at specific sites. 

Construction costs for repositories in granite and basalt are much higher than for 
repositories in salt and shale, mainly because of mining cost differences. These differ- 
ences arise because of different mined quantities, as ,noted previously, and because of 
hi9her unit mining costs reflecting the greater difficulty in hard-rock mining. 

5.6.2 Operatinq Costs 

Operating costs include the costs of direct labor, monitoring and safety, materials, 
utilities, maintenance, administrative and other overhead, hole drilling and/or trenching 
and retrievability sleeve placement. The materials category includes all overpacks, 
sleeves, and plugs used in the repository. Waste packaging or encapsulation costs were con- 
sidered to be a predisposal cost and can be found in section 4.9. Costs of the waste canis- 
ters are included in the encapsulation costs in the case of spent fuel or in the waste 
treatment and packaging costs in the case o f  reprocessing cycle wastes. 

Labor, uti l.ities, and maintenance requirements are based on estimates given in 
Y/OWI/TM-36, Vol. 10, 12, 14 and 16. Materials requirements, wage rates, and utility costs 
are based on annual receipts and price data described in DOE/ET-0028, Vol. 1, Section 3.8.2. 
Unit hole drilling, trenching, and sleeve placement costs were derived by the architect/ 
engineer making the construction cost estimates and are detailed in DOE/ET-0028, Vol. 4, 
Sections 7 A.lO.2 and 7 S.lO.2. The allowances for maintenance, overhead, and miscell ane- 
ous costs have been derived by factoring either capital or direct labor costs. After 
inclusion of a 25% contingency factor the operating cost estimates have an estimated uncer- 
tai nty of approximately 225%. 

Total operating costs for the waste repositories are shown in the sixth column of 
Table 5.6.1. These figures represent the cumulative operating costs during the repository 
waste receiving periods. Cum1 ative operating cost differences between repositories are 
principally due to differences in amount of waste emplaced. The granite and basalt reposi- 
tories generally have significantly higher cumulative operati ng costs than do repositories 
in salt and shale because of their greater capacity and longer operating 1 ifetimes. Another 
significant factor in operating cost differences in spent fuel repositories is the higher 
cost of hole drilling in granite and basalt for canister placement. 

5.6.3 Decomnissioni nta Costs 

Decomnissioning costs are defined here to include decomnission3ng of the surface faci- 
lities and sealing of the repository shafts. Based on decomnissioning cost 'estimates for 
other fuel cycle facilities, the decorrmissioning cost of the repository surface facilities 
is estimated at 10% of the construction cost of these facilities. Shaft sealing costs are 
estimated to be approximately $25,0m,000 per repository. The total decomnissioning costs, 
excluding room backfilling, are shown in Table 5.6.2 for spent fuel and reprocessing-waste 
repositories. 



TABLE 5.6.2. Decomnissioning Costs for Spent Fuel 
and Reprocessi ng-Haste Repositories 

mi l l ions o f  dollars 
Re~os i t o w  3 ~ e n t  Fuel Re~rocessinc!-Was t e  

Salt 50 55 
Gran i t e  50 54 
Shale 50 54 
Basalt 50 55 

5.6.4 Unit Costs 

Levelized un i t  costs are calculated charges per uni t  o f  production su f f i c ien t  t o  

recover a l l  construction costs, .including interest, and to  pay a l l  operating and decomnis- 
sioning costs. For this study, the weighted cost o f  capital f o r  the Federal government i s  
assumed to be 7% but a range o f  0 t o  10% was u t i l i z e d  to  develop uncertainty ertlmates. 
Additional information on the calculation o f  un i t  costs can be found I n  DOE/ET-0028, Vol. 1, 
Section 3.8.5. 

The level i red uni t  costs fo r  waste isolat ion i n  geologic repositories, based on the 

conceptual repositories used i n  th is  Statement, are show i n  the l as t  column o f  Table 5.6.1. 
These costs are expressed i n  dollars per kilogram o f  heavy metal o f  isolated spent-fuel f o r  
spent fuel  repositories or i n  dollars per kilogram o f  heavy metal reprocessed f o r  
reprocessing-waste repositories. Isolat ion i n  sa l t  repositories costs s igni f icant ly  less 
than isolat ion i n  any other medium f o r  e i ther  waste type with the exception o f  iso lat ing 
spent fue l  i n  shale. Shale i s  the next least expensive medium fo r  disposing o f  ei ther spent 
fuel  or reprocessing cycle wastes. Granite i s  the next least expensive and basalt i s  the 
most expensive medium for  iso 1 ating wastes. Unit cost differences between repositories 
storing spent fuel  and repositories storing reprocessing waste ( i n  the same geologic medium) 
do not appear t o  be significant, with the possible exception o f  repositories i n  shale. 
Because o f  the preliminary nature o f  the conceptual designs, uncertainty i n  the mining pro- 
cedures and i n  the cost o f  money, the overall uncertainty i n  the to ta l  u n i t  cost estimates 
i s  estimated t o  be 60%. 

A breakdown o f  the un i t  costs for  waste disposal by waste type fo r  the reprocessing 

cycle wastes i s  shown i n  Table 5.6.3 f o r  each o f  the four geologic media considered here. 

TABLE 5.6.3. Unit Costs by Waste Type and Geologic Media 

S/kqHM 
Waste Type S a l t  - Granite S h a e  1 6 asa 1 t 

HLW 24 39 41 51 
M-TRU Canisters 3 5 4 5 
RH-TRU Drums 18 29 24 .- 32 
CH TRU 2 - 4 - 4 - 5 - 
Total 47 77 73 93 



5.6.5 Comparison u i t h  Other Cost Data 

Recent repository cost estimates, including the estimates i n  th is  statement, use as 
the i r  pr incipal basis one of three independent repository conceptual design studies (Kaiser 

1978, Stearns-Rogers 1979, OW1 1978). The Bechtel (1979) spent fuel disposal study uses the 
conceptual designs reported for Kaiser (1978) and Stearns-Rogers (1979) with variations 
based on differences i n  waste form. The repository cost included i n  DOE'S preliminary spent 
fuel  acceptance charge estimate WE/ET-0055 (WE 1978) i s  based on a planning study by 

Kaiser Engineers pr io r  t o  the completion o f  the i r  conceptual design estimates. The recent 
~ n v i  ronmenrbl Impact Statement on Spent Fuel Pol icy, WE/EIS-0015 (OOE 1980a). uses th i s  
same basis. The estimates i n  t h i s  Statement are based on OW1 (1978) with design modifica- 
t ions as noted i n  Section 5.3. 

The capital  cost estimate for spent fuel repositories given i n  Bechtel (1979), DOE 
(1978), and DOE (1980a) i s  $500 mi l l ion  with annual operating costs o f  about 550 mil l ion. 
The main difference between these estimates and those i n  Table 5.6.1 i s  that a portion o f  
the mining cost i s  allocated t o  operating cost instead o f  being t o t a l l y  included i n  the 
construction cost. The un i t  cost calculation fo r  spent fuel  disposal i n  a bedded s a l t  
repository of $51/kg heavy metal i n  DOE/ET-0055 compares favorably with the $ W k g  calcu- 
lated i n  Table 5.6.1 (both costs are i n  1978 dollars). 

In the DOE Statement o f  Position to  the NRC Rulemaking Proceedings (1980b), cost es t i -  

mates are given for spent fuel disposal i n  salt, granite and basalt media. Total capital, 
operating and decommissioning costs o f  $2.2 b i l l i o n  ($1.8 b i l l i o n  i n  1978 dollars) f o r  a 

bedded s a l t  repository are i n  general agreement with th is  Statement. However, t o ta l  costs 
fo r  granite and basalt repositories reported i n  WE (1980b) are about $2 b i l l i o n  less than 
estimated here since the standardized mine layouts used i n  the DOE (1980b) estimate postu- 
l a te  substantial ly less rock removal per un i t  of waste emplaced than does th i s  Statement. 

5.6.6 Other Cost Considerations 

Costs associated with the r e t r i  eval of spent fuel  elements from the repository during 
the 5-year retrievable period, subsequent interim storage a t  the repository s i t e  and 
transportation to a new s i t e  are estimated to be no more than the figures presented i n  
Table 5.6.4. 

TABLE 5.6.4. Spent Fuel Retrieval Costs 

f /kgHM 
Sal t  - Granite Shale Basalt 

Retr i eval 14 18 15 18 
Inter im Storage 22 22 22 22 
Shipment t o  New 

Repos i t o r  . - 
(-1500 m i l  32 32 32 32 

Total 68 72 69 7 2 



The disposal costs given i n  Table 5.6.1 apply for a l l  cases i n  which spent fuel 
disposal requirements are a t  least equivalent to 48,000 HTHM. For the case i n  which 
dlsposal requirements are limited to the 1980 inventory of  spent fuel (about 30,000 M M M ) ,  
u n i t  repository costs would be approximately: 

S/kgHM 
Salt 90 
&an f te 
Shale 
Basalt 1 10 

The total costs of waste management including disposal are presented and compared t o  
the total cost of electric p o w  production i n  Section 7.6. 
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5.7 SAFEGUARDS INCLUDING PHYSICAL PROTECTION FOR GEOLOGICAL DISPOSAL . 

F a c i l i t i e s  associated wi th geologic reposi tor ies w i l l  employ safeguards and physical 

protect Ion measures comnensurate w i th  the potent i  a1 r i s k s  t o  society associated w i th  the 
waste mater ia l  (see discussion i n  Section 4.10), and the surface f a c i l i t i e s  a t  these s i t e s  
would receive the pr inc ipa l  emphasis. A f te r  emplacement I n  the geologic repository, the 
spent f u e l  and wastes uou'ld be very inaccessible f o r  t h e f t  or diversion. Sabotage, i f  

achieved, would have a minimum e f fec t  on the safety and heal th o f  the pub l ic  because o f  the 
containment o f  the waste i n  a s o l i d  material t h a t  i s  d i f f i c u l t  t o  pulver ize and disperse. 

Nevertheless, sabotage o f  the f a c i l i t y  and the waste packages must be guarded against u n t i l  
reposi tory closure. 

5.7.1 6eoloqic Disposal o f  Spent Fuel 

Safeguards, including physical protect ion measures afforded v i t a l  material, would be 
required f o r  t h e  spent f u e l  elements as they are received, inspected, and made ready f o r  
geologic placement. This material i s  not a t t rac t i ve  f o r  t h e f t  o r  sabotage f o r  the reasons 
given previously (Section 4.10.1.2), and i n  addit ion i t  becanes more inaccessible a t  t h i s  
f a c i l i t y .  Moreover, the current ly  required physical protect ion measures include contro l led 
access through two bar r ie rs  plus an adequate secur i ty  force, and a contingency plan 
(response force) as required by the Federal regulat ions (10 CFR 73). Records o f  waste dis- 

pos i t ion  t o  provide t raceab i l i t y  from 
(43 CFR 195 1978). 

A f te r  emplacement and closure i n  

essent ia l l y  inaccessible f o r  sabotage 
containers or  sabotage i n  place would 
tainers, the operational contro l  over 

o r i g i n  t o  f i n a l  disposal w i l l  be maintained 

the  geologic repository, the spent f u e l  uould be 

o r  thef t .  A successful in t rus ion and t h e f t  of HLU. 
be un l ike ly  because of the  l im i ted  access t o  t h e  con- 
entry, and the physical secur i ty  provided a t  the 

access points i n  the  surface f a c i l i t y .  A f te r  reposi tory closure the  waste would be avai l -  
able only through re-excavation o r  mining. Theft o r  sabotage a f t e r  closure and deconmis- 
sioning does not  appear credible because the  e f f o r t  would be read i l y  detectable. 

5.7.2 Geologic Disposal o f  S o l i d i f  fed Hiqh-Level Waste and Transuranic Uastes 

The physical protect ion required f o r  the surface f a c i l i t y  handling these wastes 
includes measures t o  protect the f a c i  l i t y  and material from intrusion, t h e f t  and sabotage. 
These measures would be s imi la r  t o  those i n  any f a c i l i t y  handling moderately hazardous mate- 
r i a l .  At  the repository these materials would be qu i te  inaccessible t o  the public, and i n  
a form t h a t  i s  not a t t rac t ive  f o r  t h e f t  or sabotage. The s o l i d i f i e d  high-level waste would 

be too radioactive f o r  adversaries t o  handle except remotely behind heavy shielding which, 
as shown i n  e a r l i e r  discussions, makes t h i s  material inherent ly  unattract ive. Routine 

accoun tab i  1 i ty programs would record the t ransfer  o f  t h i s  materi a1 t o  i t s  geologic disposal 
location. A f te r  geologic emplacement t h i s  material would be r e l a t i v e l y  inaccessible f o r  

the f t .  Sabotage, i f  ever attempted, would have l i t t l e  a f fec t  on the pub l ic  because of the 
containment of the waste. A f te r  closure, t h e f t  or  sabotage does not  %pear credib le 
because mining or  re-excavation would be required to gain access. Such an operation would 

be d i f f i c u l t  t o  conceal and could be e a s i l y  prevented. 



REFERENCES FOR SECT ION 5.7 
. . 

Code of Federal Regulations. T i t l e  10, part 73. 

"Storage of Spent Fuel in an Independent Spent Fuel Storage Installation.* 1978. Federal 
Register, Yol. 43, p 195. 



IRREVERSIBLE AND IRRETRIEVABLE COWITMENT OF RESOURCES ASSOCIATED WITH GEOLOGIC 
REPOSITORIES 

Resources tha t  w i l l  be i r re t r ievab ly  committed i n  disposal of radioact ive wastes i n  

geologic reposi tor ies are the energy resources consumed i n  reposi tory construction and 
operation, cement (a  r e l a t i v e l y  energy intensive mater ia l  i n  concrete) and any canister or 
engineered bar r ie r  materials committed t o  the reposj tory wi th  the waste. Ranges o f  commit- 
ments o f  these resources f o r  the several geologic disposal media, on a normalized energy 

production basis o f  one GWe-yr, are presented below: 

Spent Fuel Fuel Reprocessing ~pproximate U. S. 
Repositories Waste Repositories Annual Production 

propane, m3 ' 1.6 - 1.9 1.4 - 3.1 1 x lo6 
Diesel Fuel, m 3 1 . 1 x 1 0 ~ - 1 . 8 ~ 1 0 ~  1 . 6 x 1 0 ~ - 2 . 2 ~ 1 0 ~  4 x lo8  
Gasoline. m 3 1.2 x 10' - 1.4 x 10 1 . 1 x 1 0 ~ - 2 . 2 ~ 1 0  1 6 x lo8 
E lec t r i c i t y ,  kw-hrs 9.9 x lo5 - 1.3 x 10 1 . 2 x 1 0 ~ - 1 . 8 ~ 1 0 ~  2 x 1012 
Manpower,man-yrs 2 . 1 ~ 1 0 ~ - 2 . 9 ~ 1 0 ~  3 . 2 ~ 1 0 ~ - 5 . 3 ~ 1 0 ~  4 x lo6 (a) 
Steel, MT 1 . 8 x 1 0 ~ - 2 . 8 ~ 1 0 ~  6 . 1 x 1 0 ~ - 8 . 1 ~ 1 0 ~  1 x lo8  
Cement, MT 2.1 x 10' - 2.7 x 10 3 . 1 x 1 0 ~ - 4 . 4 ~ 1 0 ~  7 10' 
Lumber, m 3 1.8 - 2.1 2.4 - 3.3 3 lo9 

(a) Construction and mining. 

Even a t  an ins ta l led nuclear power capacity of 250 6We operating over several decades 
the above mater ia l  and energy commitments are bu t -a  small. f rac t ion  o f  that  used f o r  the 
t o t a l  economy. To give addit ional perspective t o  the consumption o f  energy, f o s s i l  fuels, 
and e l ec t r i ca l  consumption, each were  converted t o  un i t s  o f  energy expended I n  deep geologic 
disposal o f  waste per un i t  o f  energy produced by the f ue l  from which the waste came. I n  the  
case o f  spent fue l  0.04% o f  the energy produced was consumed i n  geologic waste disposal and 
i n  the  case o f  fue l  reprocessing wastes 0.05% o f  the energy produced was consumed. On the 
above bases i t  i s  concluded that  the i r re t r ievab le  commitment o f  the above materials i s  
warranted. 



5.9 SHORT-TERM USES OF ME ENVIRONMENT VERSUS LONG-TERM PRODUCTIVIT 

I n  terms o f  short-term use, about 800 ha (2000 acres) w i l l  be rest r ic ted from present 

use and u n t i l  the repository i s  decorrmissioned (on the order of 30 years). After d e c m i s -  

sioning, t h i s  land could be returned to  i t s  former use. An exception would be the area on 

which excess rock had been stockpiled, assuming no use elsewhere had been found f o r  the 

rock. The area that  t h i s  rock would cover would depend on the height t o  which i t was 

f i n a l l y  piled. Characteristics o f  specific si tes would probably dictate the size and shape 

o f  the rock storage pi le(s).  If the height o f  the storage p i l e  were about 3 m ( 10 f t )  the 

p i l e  (ignoring the angle of repose o f  the rock) would occupy an area about 2200 m 
(1.4 miles) on a side. If l e f t  i n  t h i s  state, t h i s  large p i l e  would constitute a cost i n  

terms of l o s t  product iv i ty o f  the surface soi ls  and i n  terms o f  an aesthetically displeasing 

visual impact. On the other hand, th is  large p i l e  for granite and basalt repositories could 

be moved and modified t o  form a suitable marker for the repository. The costs would be 

balanced by the benefits of permanent is01 ation of radioactive waste far beneath the earth's 

surf ace. 



5.105 

5.10 UNAVOIDABLE ADVERSE ENVIRONMENTAL IMPACTS ASSOCIATED WITH RADIOACTIVE WASTE 
DISPOSAL IN GEOLOGIC REPOSITORIES 

Impacts associated with nonradiological accidents during construction of geologic 

repositories and the dose to the work force emplacing the wastes, are perhaps the most sig- 
nificant unavoidable adverse impacts. In the strictest sense, such accidents should be 
avoidable, but experience in construction and mining suggests they will happen even with the 
best safety programs. The estimated number of expected fatali ties (or permanent disabling 
injuries) rahged from 6 to 17 per 1000 Gkle-yr of electrical energy generation, depending on 
repository media &d whether disposal is for spent fuel or for fuel reprocessing wastes. 
Clhile the number of lives which might be lost during mining operations could be obviated by 
some other disposal alternative, the radiation dose from waste disposal would be canparable 
(at least at this stage of estimating) for alternative disposal methods. (As a point of 
perspective, about 200 linemen would be expected to lose their lives in the process of 
bringing 1000 We-yr of electrical energy to its users regardless of the generation 
mechanism: ) 

The radiation dose to the work force emplacing the waste was estimated to be 4 x 
lo3 man-re, for spent fuel and 8 x lo4 man-re. for fuel reprocessing wastes for 1000 GWe-yr 
of electrical energy production. Uslng the conversion of 50 to 500 fatal cancers per mil- 
lion man-rern, about 2 radiation-related fatalities would be expected for emplacement of 
spent fuel; and 4 to 40 from emplacement of fuel reprocessing wastes for 1000 We-yr. 

Radiation dose to population groups was not significant even in the case of postulated 
accidents during repository operation. Hazards to workers from potenti a1 operati onal acci- 
dents (canister drop d m  the mine shaft) were found to be very serious; however, additional 
safety features as suggested would reduce the risk substantially. For disruptive events in 
the long term the societal risk from wastes disposed of in geologic repositories was found 
to be small in comparison to societal risks such as from lightning strikes. 

Adverse impacts on the terrestrial and aquatic environments could result from inade- 
quate precautions taken for management of mined rock stockpf led on the surface, particularly 
in the case of repositories in salt and to a lesser extent in the case of repositories in 
shale. 

The potential for boomfbust socioeconomic problems was determined to be very high for 
sites that m q y  be isolated from needed labor pools. Although highly site specific, plans 
to lessen or obviate socioeconomic impacts are likely to be required for the site selection 
process. 

There will likely be adverse psychological impacts among some members of the public 

because of the presence of  a repository in their locality. A program to explain the exact 
nature of the repository facility and the multiple features present to prevent release of 
radioactive materials could lessen the concerns of the local public as long as information 
is completely presented and the activities of DOE are open to the scrutiny of local c m u -  
nity leaders. 



Chapter 6 

ALTERNATIVE CONCEPTS FOR W T E  DISPOSAL 

A nunber o f  possible alternative methods f o r  the disposal o f  nuclear waste have been sup 
gested. These concepts have deen evaluated and developed t o  various degrees by d i f ferent  
organizations. The status o f  technology i s  described i n  t h i s  section, as are advantages and 
disadvantages o f  each concept. The intent i s  t o  address the various concepts as consistent1 y 
as possible to f a c i l i t a t e  the canparison of the potential impacts o f  t he i r  implementation. 

The a1 ternative concepts discussed are: the very deep hole, rock melting, island repo- 
sitory, subseabed, ice sheet, well injection, transmutation, and space. These are a l l  com- 
pared t o  the mined repository concept. 

6.1 PRESENTATION/ANALYSIS OF ALTERNATIVE DISPOSAL CONCEPTS 

This section presents concept  description^ and discussions o f  potential health and envi- 
rormental impacts fo r  eight radioactive waste disposal methods tha t  have been suggested as 
a1 ternatives t o  disposal i n  mined geologic repositories. These presentattons are based on 
sections f r f r g m  the draf t  o f  t h i s  Statement, updated to  incorporate current information result- 
ing fm continuing developtent and evaluation o f  al ternat ive concepts. Information pre- 
sented here i s  taken fran available results o f  relevant studies. References, c i ted through- 
out the text  t o  indicate sources o f  signif icant parameter values and statements, are l i s t e d  
a t  the end of  subsection 6.1. I n  addition, bibliographies are provided i n  Appendix M t o  
indicate other information sources fo r  each concept. The concept descriptions are also s u p  
ported by information i n  Chapters 3, 4, and 5 o f  t h i s  EIS and reference i s  made to  those 
chapters as appropriate. 

The discussion o f  each disposal concept covers the following topics: 

Concept Sunnary 

System and Fac i l i t y  Description 

Stat us of .  Technical Devel opnent and R&D Needs 

Impacts, Both p rekp l  acement and Postmpl acment 

Cost Analyst s 

Safeguard Requirements. 

Because concept, descriptions, envirormental impacts, and estimated costs fo r  each option were 
taken fran various sources tha t  used d i f ferent  basic assunptions, the information provided 
here fo r  each concept i s  not normalized t o  a standard set o f  condi ti&, e.g., a c m o n  



annual throughput o r  a canmon envirorment. As an example, the  well  i n j ec t i on  concept section 

presents radiological  impact information extracted f ran a reference which addresses the  

impacts o f  intermedfate leve l  waste df sposal . Vhi s i s done t o  provide the reader w i th  

re la ted information t ha t  may be important t o  the understanding o f  the concept. I n  addi- 

tion, the space disposal and transmutation concepts require chemical processing o f  spent f ue l  

t o  prepare waste f o r  disposal or elimination. Accordingly, comparisons between these con- 

cepts and, f o r  example, others not requir ing processing would be d i f f i c u l t .  For instance, 
transportation costs i n  the processing case could not be compared wi th  those f o r  disposal o f  

spent f ue l  . 
Four o f  the concepts (very deep hole, rock melt, space, and subseabed), howver, were 

covered i n  a comnon reference and thus have a camon basis. The other options are not n o r  

malized because, f o r  example, whi le l i nea r  extrapolation t o  a higher o r  lower quant i ty o f  

waste handled may resu l t  i n  a more o r  less conservative estimate o f  impacts and costs f o r  a 

part4cular option, i t  may also bias any comparative analysis f o r  o r  against t h a t  concept. 

A1 so, t he  descri ptfons, impacts, and costs t ha t  have been r e p r t e d  f o r  sane o f  the a1 terna- 
t i v e s  are incanplete because o f  the ear ly  stage o f  the alternatives' technical development. 

I n  addi t ion t o  being, i n  many cases, incanpl ete, t he  cost and impact data should be con- 

sidered speculative. For example, the costs projected f o r  the developnent o f  an a l ternat ive 

are general ly based on judgment regarding the current state o f  technical uncertainty f o r  the 

alternative. I n  practice, many such cost estimates do not adequately ant ic ipate the expanded 

scope o f  ac t i v i t i es '  t h a t  may r e s u l t  as addit ional uncertaint ies and issues are iden t i f i ed  i n  

attempts t o  resolve t he  o r ig ina l  set  o f  uncertainties. It was fel t ,  therefore, t h a t  manipu- 

l a t i n g  costs and impact information may indicate more signi f icance than i s  warranted. 

The disposal methods along wi th  rates used as a basis f o r  def in ing each o f  the alterna- 

t ives, including the  mined geologic repository, are: 

A1 t e rna t i  ve 

Mined Geologic Repository 
Very Deep Hot e 
Rock Me1 t 
Is1 and 

Subseabed 
I c e  Sheet 
Well In jec t ion  
Transmutation 
Space 

Disposal Rate, MWM/yr 

6,000 
5,000 , 

5,000 
Disposal ra tes s imi lar  t o  mined 
geol og i c  repository. Ocean 
transportation s im i la r  to sub- 
seabed concept, see section 6.1. 

5,000 
3,000 

Unspeciff ed 
2,000 
5,000 

Reference 

Chapter 3 
Bechtel (1979a 
Bechtel (1979a 

Chapter 5, and Section 6.1.4 
Bechtel (1979a) 
MITRE (1979) 
ORNL TM 1533, DOE (1979) 
B l  aneke e t  a1 . (1980) 
Bechtel (1979a) 

Frequently, nmbers taken fran the various references are rounded t o  an appropriate 

nunber o f  s ign i f i can t  d i g i t s  fn  an e f f o r t  t o  s impl i fy  t h i s  section of the docunent. 

The general approach t o  each o f  the top ica l  discussions used t o  describe the al ternat ives 

i s  as follows. 



Concept S m a r l .  The concept sumnary provided f o r  each a l te rna t i vk  contains a general 

discussion o f  the disposal concept, h ighl ights s ign i f i can t  technical aspects o f  the concept, 

and establishes a basis for 'speCif ic system and. f a c i l i t y  descriptions, technology status, and 

enviromental impact analyses. 

System and F a c i l i t y  Description. I n  t h i s  section, the  systems and f a c i l i t i e s  associated 

w i t h  a reference repository system design f o r  each a1 ternat ive disposal concept are des- 

cribed. Each descript ion begins wf th  a discussion o f  the fuel-cycle options ref lected i n  t he  

reference system design. The options and the selections made are i l l u s t r a ted  by a standard 

diagram. 

The waste-type canpa t i b i l i t y  f o r  each concept i s  discussed, providing a basis f o r  de- 

f i n f ng  waste types t ha t  can and cannot be accepted by the disposal system. This section also 

indicates i f  the t o ta l  fue l  cycle involves chemical processing and i f  there i s  a need f o r  a 

mined geologic repository ( o r  other additional f a c i l i t y )  t o  accept some port ion o f  the waste. 

'The waste management system descript ions cover predisposal treatment and packaging (w i th  

reference t o  Chapter 4), surface f a c i l i t i e s  and equipment, and transportation systems. These 

descript ions vary s b s t a n t i a l l y  because of dif ferences among the alternatives, e.g., space 

disposal canpared t o  transmutation. Systen descript ions provide a basis f o r  subsequent dis-  

cussion o f  technology status and R&D requirements, potent ia l  enviromental impacts, and cost 
I 

analysis. 

Status o f  Technical Development and R&D Needs. This section provides an ins ight  i n t o  the 

technical status and R&D needs associated wi th  the development o f  each disposal option. The 

discussions are based on the  most current reports contained i n  the  large body o f  references 

available f o r  disposal options. Emphasis was placed on docunents prepared by organizations 

tha t  have played a d e f i n i t i v e  r o l e  i n  the developnent o r  evaluation o f  spec i f ic  options. 

Each disposal option i s  a t  a d i f fe ren t  stage o f  developnent ranging fran i c e  sheet and 

rock melt, which are i n  only the ear l y  conceptual stage, t o  ue11 in ject ion,  which has been 

used f o r  the disposal o f  remotely handled waste a t  the Oak Ridge National Laboratory. Wide 

d ispar i t y  i n  the states o f  development, however, should not be used t o  connote the degree o f  

d i f f i c u l t y  anticipated i n  deploying a par t icu lar  option. 

Current technol ogical issues unique t o  each option are ident i f ied.  These issues depend 

on the state o f  developnent. As knowledge i s  accunulated and ref ined on a speci f ic  concept 

t o  resolve technical issues, i t  may often reveal addit ional technological concerns t o  be re- 

solved. 

Specific research and development requirenents ascribed t o  each disposal optlon are those 

contained i n  references provided by organizations involved i n  the  developnent o r  evaluation 

o f  the par t icu lar  disposal option. The requirements i den t i f i ed  are based on technol ogical 

issues and programnatic needs. 

Estimates f o r  implementation time and research and developnent c 6 t s  depend on t he  de- 

gree o f  planning i n f o n a t i o n  avail able for the disposal concept. For example: no estimates 



are iden t i f i ed  f o r  well  i n jec t ion  because o f  lack of de f in i t i ve  progran plans. Available es- 

timates f o r  space disposal go through concept de f i n i t i on  and evaluation only. Estimates f o r  

i c e  sheet disposal, however, include a1 1 o f  the cur rent ly  anticipated a c t i v i t i e s  required t o  

develop and imp1 anent an operational system. 

Impacts. Impacts are presented on the basis of information found i n  t he  reference mater- 

i a l .  Impacts f o r  these sections are separated i n t o  Health Effects Impacts ( the hunan en- 

vironnent) and Natural System Impacts. Natural Systm Impacts include impacts t o  ecological 

and geologic/hydrologic systems. The term Natural System Impacts therefore includes impacts 

other than those t o  the human enviroment. The reader i s  cautioned tha t  f o r  those a1 terna- 

t i ves  t ha t  are more advanced i n  t h e i r  technical development, a greater number o f  enviromen- 

t a l  impacts are ident i f ied.  Likewise, f o r  those disposal. methods t h a t  are i n  a prel iminary 

stage o f  development, there may be other environnental impacts t h a t  have not ye t  been 
determined. 

I n  general, t he  methodol ogy followed i n  ca l cu l a t i  ng impacts i s  not described, but r e f e ~  

ence i s  made t o  or ig ina l  material vhere the reader can find t h i s  information. No attempt has 
been made t o  develop a canmon impact assessment methodol ogy, so t h e  methods applied vary f ran 

study t o  study. For these reasons, the  values pesented are not always canparable on a one- 

to-one basis. It i s  be1 ieved, however, tha t  su f f i c i en t  information i s  provided t o  al low a 

qua1 i t a t i v e  comparison o f  the a1 ternat ives (see Section 6.2). 

Cost Analysis. The cost analyses provide capi ta l ,  operational, and decanmissioning cost 

estimates based on information available from references authored by organizations involved 

i n  the evaluation o r  developnent o f  the speci f ic  disposal options. The costs are those 

d i r e c t l y  a t t r i bu tab le  t o  the  disposal mode under consideration and not on support modes such 

as waste preparation o r  rout ine transportation. A l l  cost estimates are given i n  1978 dol- 

l ars, derived by  an adjustment o f  10 percent per year of estimates based on hon-basis years, 

The reader i s  cautioned about the preliminary nature o f  the cost estimates. Also, i n  

many cases, due t o  the.underdeve1oped status of most of the alternatives, f u l l  cost data are 

not available. I n  such cases on ly  referencable information i s  presented. No attempt i s  made 

t o  estimate system o r  canponent developnent, capi ta l ,  operating o r  decanmissioning cost h e r e  

these, estimates could not be based on open l i t e r a t u r e  reference. For example, i n  the  case 

o f  the transmutation concept, a ccmprehensive and conclusive fuel  cycle cost analysis has not 

been performed such t h a t  an aggregate cost estimate could be prepared. In addition, the 

impacts t o  the costs o f  disposal o f  the residual wastes f ran the transmutation concept are . 

not known. 

The estimates do not i nc l  ude transportation and waste-form preparation costs associated 
' 

w i t h  the disposal method. However, unique transportat ion and waste-form requirements, i n  ad- 

d i t i o n  t o  the  need f o r  supplemental storage o r  disposal, are ident i f ied.  - 
The cost analyses f o r  very deep hole, subseabed, rock melt, and space disposal are based 

on estimates contained i n  a current reference tha t  used consistent waste disposal rates over 

the sane time period. The avai lable costs f o r  t he  other disposal options, including the  



mined geologic repository, a r e  not normalized t o  the same waste disposal scenario. Cost 
estimates are sufficiently accurate, however, for  a qual i t a t  ive canpari son. 

Safeguard Requirements. In t h i s  section, the vulnerability of each alternative waste 
disposal concept to  the diversion of sensitive materials o r  te r ror i s t  ac t s  of sabotage is 
qual i tatively di scussed. In addition, the features m i  que t o  the a1 ternative tha t  enhance or  
detract fran that  vul nerabil i t y  a re  described. For more detailed discussion of safeguards 
for  predisposal operatioris t he  reader is referred to Section 4.10. 



6.1.1 Very Deep Hole 

6.1.1.1 Concept ~ur&Iary 

The very deep hole (VDH) concept involves the  placement o f  nuclear waste as much as 

10,000 in (32,800 ft) underground, i n  rock formations o f  high strength and low permeability. 

I n  t h i s  enviroment, the wastes might be e f f ec t i ve l y  contained by the distance f ran  the  

biosphere and the loca t ion  below c i rcu la t ing  groundwater as they decay t o  innocuous leve ls  

(OW1 1978 and ERDA 1978). To act as a nuclear waste repository, the host rock would have t o  

remain sealed and s t ruc tu ra l l y  stable under the heat and rad ia t ion introduced by the wastes. 

Potenti a1 rock types f o r  a reposi tory o f  t h i s  kind include crysta l1  ine and sedimentary rocks 

1 ocated i n  areas o f  tectonic and seismic s tab i l  i t y .  

An immediate question concerning t h i s  concept i s :  "How deep i s  deep enough?" The re- 

quired depths would place the wastes f a r  enough below c i rcu la t ing  ground waters that, even i f  

a connection develops, transport o f  materials f ran the reposi tory t o  the surface would take 

long enough t o  ensure t ha t  l i t t l e  o r  no radioact ive material reac.hes the  biosphere (LBL 
1979). The absolute va1 ue o f  t h i s  depth i s  not ye t  detenined. 

Defining the, necessary depth a t  a given s i t e  requires determining s i  te-speci f ic  1 im i ts  on 

the transport o f  radioact ive materials t o  the biosphere, the s i te-speci f ic  hydrologic regime, 

and the heat-source configuration (waste packing) . Avail able data from the 1 i terature,  p r i -  

mar i ly  from the o i l  and gas industry, show tha t  sane sedimentary rocks are porous and pene- 

able and may contain c i r cu la t ing  groundwater to  depths i n  excess o f  9,000 rn (30,000 f t )  . 
Investigations o f  c rys ta l1  ine  rock, a1 though very 1 imited, suggest tha t  a t  much shallower 

depths some such rocks have re1 a t i ve l  y 1 ow poros i t ies  .and permeabil i ties.  Hence "very deep" 

f o r  these crystal1 ine  rocks may mean j u s t  a few thousand meters instead o f  t he  9,000 m o r  

more required f o r  sedimentary rocks. Once the required depth has been detenined, the tech- 

nology f o r  making the hole t o  t ha t  depth and the a b i l i t y  o f  the surroundings t o  accept the 

heat source becane the l i m i t i n g  factors. It i s  c lear  tha t  problems o f  making the hole, hold- 

ing i t  open, emplacing the  waste, and sealing the hole must be considered together. Should 

shal low depths be determined as adequate, many o f  the potential problems o f  the very deep 

hole concept (e.g., d r i l l i n g  technology and ambient condit ions a t  depth) would be mitigated. 

The concept assumes tha t  disposal i n  very deep holes would not p e n i  t re t r ieva l  o f  

wastes. It would a1 so provide assurance tha t  no c l imat ic  o r  surface change w i l l  a f fec t  dis- 

posal. 

Environental  impact considerations f o r  the very deep hole concept are those associated 

w i t h  d r i l l i n g  a deep we1 1 or  sinking a deep shaft, constructing the predisposal surface faci-  

l i t i e s ,  empl acing the  wastes, decmiss ion ing  the f a c i l i t i e s ,  and ensuring l ong - t en  contain- 

ment o f  the wastes. 

- 
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FIGURE 6.1.2. Waste Management System--VDH Disposal 



6.1.1.2 System and F a c i l i t y  Descript ion 

System Options 

- The reference concept for  the i n i t i a l  VDH disposal o f  nuclear waste has been developed 

from. a nunber o f  options avai l  able a t  each step f ran the  reactor t o  disposal i n  the  very deep 

hole. 

Various options t o  be considered f o r  VDH disposal are s m a r i z e d  i n  Figure 6.1.1. The 

bases f o r  selection o f  options f o r  the reference concept (those blocked o f f )  are reviewed i n  

de ta i l  i n  various docunents l i s t e d  i n  Appendix M. 

Because options f o r  the waste disposal ,steps f ran the reactor up to, but  not including, 

the geologic mediun are s imi lar  for mined geologic repositories and VDH disposal , the options 

selected f o r  the reference design are s imi lar  f o r  the two concepts. Fran tha t  point  on, the 

options selected f o r  the reference design are based on current progrm documentation f o r  VDH 

d i  sopsal . ' 

Waste-Type Compatibil i t 3  

Very deep hole disposal would be l im i t ed  t o  unreprocessed spent fue l  rods and the HLW 

f ran  uranium-plutoniun recycle cases. Because o f  cost constraints, VDH disposal o f  contact 

handled and remotely handled 1RU wastes i s  not considered l i ke ly .  Handling the  large volune 

o f  these wastes would substant ia l ly  increase d r i l l i n g  ac t i v i t i es ,  costs, and the extent o f  

adverse enviromental impacts f o r  VDH disposal. Thus, the low- and intermediate-1 eve1 TRU 
wastes would require m e  other form o f  t e r r es t r i a l  disposal. It i s  assuned f o r  .the refer- 

ence case tha t  these wastes would be placed i n  mined geologic repositories. 

Waste-System Descript ion 

The reference concept design was selected through judgment o f  a "most l i k e l y "  approach 
based on available information and data. The fuel  cycle and process f low f o r  the reference 

concept are shown i n  Figure 6.1.2. I n  the  reference concept, a VDH reposi tory i s  designed 

f o r  disposal of 10,200 canisters per year o f  spent fuel  or  f o r  2,380 canisters per year o f  

so l i d i f i ed  HLW. Hi th  a 40-year reposi tory operation period, emplacement o f  spent fuel would 

require 68 holes per year w i t h  150 canisters' placed in*each. Mul t ip le  holes would be d r i l l e d  

while others are being f i l led.  HLW would require emplacement o f  375 canfsters per hole i n  

s i x  t o  seven holes per year (Bechtel 1979a), a1 so Hi t h  simultaneous d r i l l  ing and emplacement 

operations. 

Predisposal Treatment and Packaging. fhe predisposal treatment o f  waste f o r  the  VDH con- 

cept would be identical i n  many respects t o  the predisposal treatment o f  waste f o r  the mined 

geologic reposi tory concept. Chapter 4 o f  t h i s  document discusses the predisposal systems 

f o r  both spent fuel and HLW canmon t o  a l l  o f  the disposal concept alternatives. 

The speci f ic  waste form required f o r  enplacement i n  the deep ho le  i s  not yet  ident i f ied.  

The waste form and canister would have t o  be s t ruc tu ra l l y  strong t o  r<sist downhole stresses 

and crushing forces, and chemically res is tan t  t o  the Haste emplacement mediun. A meta l l ic  

matrix o r  a granular waste form would -be possible (Bechtel 1979a). 



The canister would have to provide f o r  safe handling, shipping, and mplacement o f  the  

waste. Both the HLW and the spent fue l  canisters would have t o  be packed so l i d l y  t o  avoid 

crushing due t o  hydrostatic pressure o f  d r i l l i n g  "mud" ( lubr icant )  l e f t  i n  the hole t o  coun- 

t e r  l i t h o s t a t i c  pressure. The canisters and spacers would have t o  be dense enough t o  sink 

through the mud s l u r r y  t o  the bottom o f  the hole. Carbon steel i s  considered as one candi- 

date canister material tha t  w i l l  f u l f i l l  these requirements (Bechtel 1979a). However, more 

canplex designs using mu1 t i p l e  barr iers  m a y  be required, 

The canisters f o r  both HLW and spent fuel would have t o  be small enough f o r  emplacement 

i n  a hole l i ned  with a steel casing. HLW canister dimensions i den t i f i ed  f o r  the  reference 

case accanmodate the fuel. ~imensioris iden t i f i ed  f o r  the reference case are 36 an (14 in.) 

diameter and 4.6 m (16 ft) long (Bechtel 1979a and TID 1978); 

Site. The c r i t i c a l  geologic parameters tha t  w i l l  determine the f e a s i b i l i t y  and impact o f  - 
nuclear waste disposal i n  a deep hole system and tha t  must be considered i n  s i t e  select ion 

Lithology 

Tectonics and structural  set t ing 

Hydro1 ogic condit ions 

States o f  stress 

Mechanical properties o f  the  rocks a t  depth 

Natural t hermal regime 

Geochemical reactions. 

The interact ions o f  these parameters and the e f f ec t  o f  heating by the  waste (thermanechani- 

cal  factors) may  also be signi f icant.  Geologic assunptions underlying the VDH concept are 

tha t  the hole w i l l  be d r i l l ed ,  o r  a shaft  excavated, i n  a regime o f  moderate t o  low geother- 

mal gradient i n  rock wi th high strength and low permeability. Furthermore, the wastes are t o  

be deposited i r re t r ievab ly  - not stored (LBL 1979). The spec l f ic  geotechnical considerations 

are addressed i n  deta i l  i n  LBL (1979) and Brace (1979). 

Since more holes would be needed, emplacement o f  spent fuel during a 40-year period would 

require a t o t a l  land area o f  approximately 140 km2, Canisters would be shipped by  r a i l  

f ran a processing and encapsulation f a c i l i t y  t o  the reposi tory s i te ,  which would consist o f  a 

number of d r i l l e d  holes around a cen t ra l l y  located receiv ing f a c i l i t y  (Bechtel 1979a). 

Waste Receiving Fac i l i t y .  The central  waste receiv ing f a c i l i t y  a t  t he  deep hole s i t e  

would be used'to unload the waste canisters, s tore them temporarily, and k r f o r m  any work re- 

quired t o  assure pranpt emplacement i n  the hole. The receiving bu i ld ing h u l d  contain a cask 

handling area, a canister storage area, a hot ce l l ,  and aux i l i a ry  f a c i l i t i e s  (see Bechtel 

1979a). - 

The cask hand1 ing area would contain f a c i l i t i e s  f o r  receiving, cleaning, and decontami- 

nating shipping casks and for reloading empty casks on r a i l  cars. Upon a r r i va l ,  an overhead 





. storage f a c i l i t y  (Bechtel 1979a). The ent ire emplacement f a c i l i t y  would be on r a i l s  f o r  

movement from hole t o  hole on the site. 

As described above, canisters m u l d  be transferred frun 'the receiving f a c t l i t y  t o  the 

temporary storage fac i l i t y ,  which would provide shielding and an accmulation area fo r  can- 
i sters t o  accarmodate differences between transfer and empl acement operations. Empl acement 

equipnent with cable tota l ing a t  least 10,000 m i n  length would lift a waste canister fran 
temporary storage in to  a shielded cask, position i t  over the very deep hole, and lower i t  
through the bottom of the cask i n to  the hole (Bechtel 1979a). The waste canisters would be 

lowered in to  the lower 1,500 m (5,000 ft) of the hole with metal1 i c  honeycanb spacers placed 

between each canister t o  absorb impact i n  case a canister ii dropped (8echtel 1979a). If 
required by canister structural design l imi ts ,  a structural plug, anchored t o  the sides o f  

the hole, would be emplaced between groups o f  canisters t o  support the load. 

Sealing Systems. After a l l  waste canisters are i n  place, the hole would be sealed to  
isolate the waste fran the biosphere. Sealing could inc l  ude plugging both the hole and the 
damaged rock zones around the hole. 

ihe canpnents o f  the seal ing system would have to  have low penneabil i t y  t o  l i m i t  nu- 

c l  ide migration and suf f ic ient  strength t o  maintain mechanical i n teg r i t y  fo r  a specified 

period. Possible pl ugging materials i n c l  ude inorganic cements, c l  ays, and rock. The speci- 
f i c  material o r  materials would be selected f o r  canpat ib i l i ty  with the geologic medim and 

down- hol e conditions (Bechtel 1979a). P l  uggi ng could be done with standard equi p e n t  typi-  

c a l l y  used by a d r i l l i n g  r i g  crew. For f inal sealing and closure o f  the very deep hole, 
d r i l l  rigs, s imi lar  t o  those described for hole dr i l l i ng ,  would be set up a t  the hole loca- 

tion. 

Retrievability/Recoverability. Waste canisters would be retrievable as long as they are 

attached t o  a cable during the emplacement process. Once the canister i s  disengaged, it 

would becane essentialy irretrievable. Post-enclosure recovery i s  l ikewise considered nearly 
impossible. 

6.1.1.3 Status o f  Technical Development and R&D Needs 

Present State o f  Development 

The status o f  equi p e n t  fac i l i t y ,  and process developnent f o r  d i f ferent  operational 

phases o f  VDH emplacement are considered be1 ow. I 

D r i l l i n g  Techniques. Four methods t o  excavate a very deep hole have been considered. 

These are o i l  f i e l d  rotary d r i l l i ng ,  b ig  hole d r i l l i n g  techniques, d r i l l  and blast shaft 

sinking, and bl ind hole shaft boring. The l a t t e r  three methods are l imi ted i n  the depths 

tha t  can be attained a t  present and i n  the foreseeable future. They might have applications 

i n  specific geologic media but w i l l  not be considered further here -since the possibil i ty  o f  

t he i r  use appears remate' for waste emplacement in, t h i s  come&. For de ta i l s  on these con- 

cepts, see LBL (1979), 
I 



For o i l  f i e l d  rotary d r i l l i ng ,  standard o i l  f i e l d  d r i l l  equi pnent would be used. I n  t h i s  
method, a d r i l l  b i t  attached t o  a d r i l l  pipe i s  rotated fran the surface, and d r i l l i n g  mud i s  

circulated through the d r i l l  pipe t o  carry cutt ings t o  the surfach. ft;e d r f l l i n g  mud also 
assists i n  providing borehole stabi l i ty ,  provides lubrication and cooling, and minimizes pipe 

sticking. Substantial rotary d r i l  l i n g  experience exists; however, most o f  the d r i l l i n g  has 
been i n  sedimentary formations. 

A t  least the upper portions of deep rotary d r i l l e d  holes would be cased; and, i n  fact, 
the ent i re hole may need t o  be cased for borehole stabi l i ty ,  as i n  the reference concept (LBL 

1979). As described there, cement grouts would be punped fran the bottan o f  the hole up 
around the steel casing to  seal the casing against the d r i l l e d  borehole. If the ent i re 

borehole were cased, then the hole could be bailed dry  (depending on the depth o f  the hole), 

and could be l e f t  standing open for extended periods. If the bottom portion o f  the hole were 
not cased, i t  i s  unl ikely that  the borehole would stay open i f  the hole were bailed dry. 
Some f luid, probably with a density somewhat higher than that o f  fresh water, would therefore 

be required i n  the open hole a t  a l l  times. 

There i s  l i t t l e  experience a t  d r i l l i n g  i n  hard, crysta l l ine rocks, although such rocks 

may pose no more, or  fewer, problems than d r i l l i n g  ultra-deep wells i n sedimentary rocks. A 
1 irnited nunber o f  o i l  f i e l d  r i g s  are capable of d r i l l i n g  t o  8,000-m (25,000 ft) depths and 

beyond, and there are presently four r i gs  . in the U.S. capable o f  d r i l l  ing t o  a depth o f  9,000 . 

m. The bottan portions of such holes have been d r i l l e d  with a 16.5 cm (6-112 in.) diameter 
b i t ,  and the holes were cased t o  the bottom. There i s  some experience i n  d r i l l i n g  geothermal 
wells where formation temperatures are 30-0 C (approximately 600 F) as anticipated i n  VDH 

dr i l l i ng ;  howeve;, these wells have not been d r i l l ed  much below  OW m (10,000 ft). 

It i s  be1 ieved that deeper and larger diameter holes could be dr i l led.  A maximm well 
depth o f  about 11,000 m (36,000 ft) i n  rocks where borehole s t a b i l i t y  i s  not a problem i s  be- 

lieved possible, using a 20-an (7-7/8 in.)-diameter b i t  f o r  the bottom hole. Depths o f  9,000 
m could be achieved with 31-an (12-1/4 ,in.)-diameter b i t s  i n  crysta l l ine rocks where no gas 

pressure exists. For very strong rocks, the bottom part  o f  the hole might be l e f t  open. I n  
fact, for  the 31-cm-diameter hole, the bottan part o f  the hole may have t o  remain open be- 

cause current r i gs  (with current casing) would not be able t o  set casing t o  the bottom o f  a 
9,000 m hole. A d r i l l  r i g  with a 15,000-m (50,000-ft)-depth capabi l i ty has been designed but 

not operated which would u t i l i z e  the largest available cmponents. It would provide a 22-011 
(8-11'2-in.)-diameter hole a t  t o ta l  depth (Dr i l l i ng  DCW 1979). Salt has been d r i l l e d  success- 

f u l l y  t o  about 4,600 m (15,000 f t ) ;  be1 ow this,  borehole closure prohibits further d r i l l  ing. 

Emplacement. The techno1 ogy f o r  mp l  acing waste canisters i s  not f u l l y  developed a t  

present. Sune technology for  enplacing items t o  depths less than 10,000 m exists. For exam- 
I 

ple, the Deep Sea D r i l l i n g  Project has a hydraulically operated down-hole device tha t  discon- 

nects the boring bits. - 



Seal ing. Standard o i l  f i e l d  practices f o r  cementing i n  casing have sat is factor i ly  i so- 

la ted deep high-pressure gas zones fran shallower formations and fran the surface fo r  time 

periods measured i n  decades. Plugs o f  cement o r  other materials have been emplaced i n  aban- 

doned o i l  and gas wells, both cased and uncased, and have maintained in tegr i ty  over simi lar 

periods o f  time. In  these instances, i t  i s  not uncamon fo r  the casing t o  corrode pr io r  t o  

pl ug deterioration. 

Logging/I nstwmentation. Borehol e geophysical 1 oggi ng techniques i n  existence and cur- 

ren t ly  under development w i l l  permit the logging and analyses o f  a number o f  parameters 

c r i t i c a l  t o  the empl acment o f  radioactive waste i n  very deep holes. Caliper, acoustic, 

televiewer, and ather botehole geophysical devices are regularly used to  ve r i f y  the presence 

and d is t r ibut ion o f  fractures i n  well bores. Electr ical  logs, neutron porosity loss recor- 

ders, and other devices are used t o  veri fy the presence o f  water. Temperature logs and spin- 

ner logs are used t o  detect water flow. While a l l  o f  t h i s  equi went can be used fran depths 

o f  hundreds t o  thousands o f  feet, none of these tools can function at the temperatures 

[between 200 and 300 C (390 and 570 F)] and pressures anticipated a t  depths around 10,000 m, 

because o f  the electronics contained i n  the probe. 

Whil e rudimentary devel opoent o f  i n  s i  t u  stress measurements has been accanpl ished, the 

down-hol e techniques would require signif icant improvement. 

Issues and RBQ Requirements 

Depth o f  Hole. The hole depth required fo r  adequate iso lat ion fran the biosphere would 

have to be determined by the geologic medium o f  interest and by the history and physical con- 

d i t i o n  o f  tha t  medi m. Sedimentary rocks i n  sane instances are considered as potential VDH 

locations, but only Ae re  they are considered t o  be lower i n  elevation than c i rcu lat ing 

groundwater, such as deep basins or  hydrologically stable synclines. Crystall ine rocks may 

be the best geologic medium f o r  VDH disposal. .Usable hole depth i n  crystal1 ine rock would be 

influenced by the depth of ground-water c i rcu lat ion within tha t  rock. Ground-water circula- 

t i o n  i n  weathered granite near the surface i n  a hunid environnent w i l l  generally be s ign i f i -  

cantly greater than i n  fresh granite i n  an ar id  t o  semiarid environnent. 

R&D i s  required t o  determine the depth required i n  various geol & i c  media t o  minimize the 

possibl i ty o f  s ignif icant c i rcu lat ion to  ground-water systems. The top o f  the emplaced waste 

would s t i l l  have t o  be s igni f icant ly  below possibl e contact with c i rcu lat ing ground k t e r ,  

and would have to be propbly plugged and sealed against such contact. 

Dr i l l ing.  me discussion o f  the present state o f  development o f  d r i l l i n g  makes i t clear 

that  emplacement o f  nuclear waste i n  very deep holes i s  not possible at t h i s  time given tha t  

(1) the w k e  can'isters wi l l ,  be 31 t o  36 an (12 t o  14 in.) i n  diameter and (2) the depth re- 
quired fo r  isolat ion fran the biosphere may be as great as 10,000 m. I f  i t  i s  assumed that  

these two c r i t e r i b  are val i d  f o r  the conceptual system, then a nunber o f  problms re1 ated t o  

d r i l l  ing would have t o  be solved t o  at ta ln emplacement i n  very deep-holes. The key issue i s  

whether it w i l l  be p s s i b l e  to develop the technology t o  d r i l l  t o  10,000 m with a bottom hole 



diameter o f  approximately 48 an (19 in.) so t ha t  a 36-an canister could be placed i n  a mud- 

f i l l e d ,  f u l l y  cased hole. 

No increase i n  the present capab i l i t y  t o  ro ta ry  d r i l l  deep wel ls i s  expected by the  year 

2000 without some very s ign i f i can t  e f f o r t  t o  develop new technology. Currently, there i s  no 

industry demand t o  produce the technology advancement necessary. I f  su f f i c i en t  resources 

were avai lable t o  advance technology, a 9,000-m hole wi th  a 48-an (19 in.) diameter might be 

at ta inable by the year 2000. Most o f  the hole would be cased; however, i n  high strength 

rocks without gas pressure, the battom part  o f  the hole might be l e f t  uncased. Technology 

improvements required t o  reach t h i  s depth i n c l  ude: 

New d r i l l  ing muds capable o f  operating a t  temperatures o f  370 to'430 C (700 t o  800 F) 

Hightemperature d r i l l  b i t s ,  e i t he r  r o l l e r  cone o r  diamond 

New d r i l l  pipe, including improved designs and use o f  improved (h ightmperature)  
steel s 

Improved support equi pnent, such as hightemperature logging and surveying too ls  and 
f i sh ing  too ls  

Improved casing material s (high-temperature steel s) and j o i n t  design 

High-temperature cements and surface pumps f o r  pumping these cements. 

Waste Form and Package In tegr i ty .  C r i t e r i a  cur rent ly  being proposed f o r  waste forns and 

packages require to ta l  contaiment w i th in  the package f o r  the time period dominated by f i s -  

sion product decay (up t o  1000 years). The developnent o f  materials t o  

r i t y  f o r  t h i s  period o f  t ime a t  temperatures t h a t  would be reached h e n  

perature i s  200 t o  300 C and under geochemical condit ions tha t  would be 

quire s ign i f icant  e f for t .  

Heat Transfer (Thermomechanfcal and Thermochemical Factorsl. Under 

r e t a i n  t h e i r  integ- 

the ambient rock tem- 

encountered would re- 

a normal geothermal 
gradient o f  20 t o  30 C/km (60 t o  90 Flmi) ambient temperatures i n  excess o f  200 t o  300 C (390 

t o  570 F) are expected a t  a depth of 10,000 m. The heat released by radioact ive decay o f  the 

emplaced waste would further increase the temperature o f  the surrounding rock. The magnitude 
o f  t h i s  induced temperature increase would be determined by the thermal propert ies o f  the 

rocks and the power output o f  the waste. 

Because o f  the  very 1 arge height-to-diameter r a t 1  o o f  the co l  unn o f  radioact ive waste, 

the heat flux f ran the waste would be mainly i n  the rad ia l  d i rect ion,  as from'an i n f i n i t e  

cy l  inder. The temperature wi th in  the heat source i t s e l f  would be very near ly uniform and 

would drop very abruptly a t  the ends. Therefore, from a purely thermal po in t  o f  view, t h i s  

geanetry would be very favorable. It takes 200,000 years f o r  heat from 5,000-m depths t o  

d i f fuse t o  the surface (DOE 1979). The thermally induced e f fec ts  on the chemical s t a b i l i t y  

and mechanical i n tegr i  ty o f  the  geological fornat ion and upward d r i v ing  o f  the  ground water 

would be the most c r i t i c a l  issues. ..- 

The thermochemical behavior of rocks around a deep hole i s  not predictable a t  present. 

Since cont ro l l ing factors would be the  jo in t ing,  fracturing, and f l u i d  content o f  the  rocks, 



themmechanical behavior would need to  be studied i n  situ. Heater tests i n  a variety o f  

rocks a t  design de-pths would probaby be necessary t o  understand the camplex response t o  local 

high temperature o f  rock that i s  water saturated, stressed, and fractured. 

Some aspects o f  thermanechanical behavior o f  rocks can be studied i n  the laboratory, how- 

ever. Since fractured rock i s  i n  question, and since characterization o f  natural fractures 

i s  a t  present impossible, these laboratory studies would involve large samples o f  rock con- 

taining one o r  more joints,  obtained by special sampling techniques. The samples may have t o  

be large (dimensions of several meters). This would require extension o f  present 1 aboratory 

testing techniques t o  tes t  a t  conditions simulating the i n  s i t u  enviroment. The areas where 

study would be part icular ly needed include: 

Thennal cracking and other forms o f  degradation o f  rock 

Thermoelastic response o f  in tac t  and jointed rock over a long time frame 

Changes i n  permeabil ity caused by heating a rock mass 

Two-phase transport o f  f lu ids  i n  fractured rock 

Hydraulic fractur ing i n  thermally stressed rock 

Thermal conductivity o f  hot, saturated thermally stressed rock 

Stress corrosion due to heated ground water i n  thermally stressed rock. 

Emplacement. h s t  people engaged i n  d r i l l i n g  f o r  resource exploitation feel that, t o  
prevent collapse, the borehole would need t o  be kept f u l l  o f  d r i l l i n g  mud a t  a l l  times. This 

would include the period during which the canister would be lowered f o r  the waste disposal 

concept. Getting the waste canister t o  drop through the d r i l l i n g  mud could be d i f f r i cu l t  be- 

cause o f  the close clearance between the casing and canister. The potential accidental con- 

tamination o f  the d r i l l  ing mud and lowering cable should a waste package be ruptured would 

raise nmerous questions regarding decontamination techniques and optimum loading methods. 

Thus, i n  addition to a need f o r  substantial research and developnent on improving the 

properties o f  the d r i l l  ing mud, techniques and equi pnent would have t o  be developed to  assure 

lowering and releasing the canisters a t  depths o f  10,000 m and f o r  decontaminating the d r i l -  

l i n g  mud and cable i n  case o f  canister f a i l  w e  during t h i s  operation. 

Iso lat ion from the Biosphere. The principal issue o f  radioactive waste emplacement i n  

very deep holes i s  the long-term iso lat ion o f  the waste from the accessible biosphere (LBL 

1979). 

I n  addition t o  packaging, hole conditions, and hole sealfng, a nunber o f  other condi- 

t ions would have to be addressed before long- ten  iso la t ion  fran the biosphere could be as- 

sured. Several o f  these involve geotechnical considerations, inc l  d ing :  

a An improved understanding o f  the hydrologic regimes o f  deep cqystall ine and sedimentary 
rock units, including porosity, permeability, and water presence. 



An improved understanding o f  i n  s i t u  rock mechanical properties under the high tempera- ' 

ture and pressure conditions expected a t  the required depths and under unusual thermal 
loading conditions. These properties include strength, deformation, stress state, and 
pemeabil i t y .  

Additional RtD might be required i n  the areas o f  s i t e  selecton, s i t e  evaluation, and ge+ 
chemistry (LBL 1979). 

Sealing. It i s  assuned that the sealing system f o r  very deep holes must meet the same 
time requirement for sealing penetrations used by mined repositories. The primary purpose o f  
the seal k u l d  be t o  i nh ib i t  water transport o f  radionuclides from the waste t o  shallow 
gmurd water o r  the surface for  the specified time period. For in tegr i ty  t o  be maintained, 
the seal ing material would have t o  meet the fo l  1 owing requi rments. 

a Chemical canposition - the material must not deteriorate with time o r  temperature 

a Strength and stress-strain properties - the seal must be ctmpatible with the surrounding 
material, ei ther rock o r  casing 

0 Vol m e t r i c  behavior - volme changes with changes i n  temperature must be canpatible with 
the enclosing medium. 

The seal system would consist not only o f  plugs within the casing, but a1 so o f  material t o  
bridge the gap between the casing and surrounding rock. To minimize the poss ib i l i t y  o f  a 
break I n  containment, rigorous qual i t y  assurance m u l d  be required during the placing o f  
several high-quality seals a t  strategic locations u i t h in  the borehole. 

Therefore, research and development would be needed i n  two major areas - materials de- 
velopnent and emplacement methodology - t o  ensure permanent isolation. Materials develop 
ment would inc l  ude investigating p l  ugging material s, i ncl uding special cements, as we1 1 as 

canpatible casing materials and d r i l l  ing f luids, which might be incorporated in to  the sealing 
system. Because the seal would include the host rock, these investigations should include 
matching plug materials with the possible rock types. It i s  conceivable that d i f ferent  plug 
materials would be required a t  d i f ferent  points i n  the same hole. 

Emplacement methodology would have t o  be developed fo r  the part icular envirorment o f  each 
hole. Considerations should inc l  ude a1 1 envisioned operations i n  the expected envirorment , 
casing and/or d r i l l i ng ,  and f l u i d  removal. Because the emplacement methodology w u l d  depend 
on the type o f  seal ing material , i n i t i a l  studies o f  seal ing material devel opnent should pre- 

cede empl acement method01 ogy developnent. However, the two investigations mu ld  be close1 y 

related and there should be close interaction between the two phases. I n  s i t u  tests should 
be performed t o  eval uate p l  ugging material s. Equi pnent developed should 1x1 ude qua1 i t y  
control and qual i ty,  assurance instrunention. 

Loaging/I nstrumentation. Proper devel opnent and operation o f  a VDH empl acement system 
would require the col lect ion o f  reproducible, remotely sensed data on t_he geologic formation 

from the bottom of a borehole under high temperature and pressure. Existing logging tools  
are generally not designed t o  operate a t  temperatures exceeding 175 C (350 F). 



Remote determinations o f  water content and flow and i n  s i t u  stress would need t o  be ad- 

dressed t o  permit preemplacement assessment o f  down-hole conditions t o  f a c i l i t a t e  VDH system 

desdgn. 

Much o f  the R&D work under way f o r  logging and instrunentation equiplrent would be appl i- 
cable to monitoring equipnent f o r  the waste disposal area (DOE 1979). 

'RMI Costs/Xrnplementation Time 

7he tota l  cost f o r  research and devel opnent f o r  t h i s  concept i s  estimated t o  be about 
$730 m i l  1 ion  (FY 1978 dol lars) as derived f ran DOE (1979). The major portion o f  t h i s  cost, 

o r  about $600 m i l  l ion, would be f o r  developnent o f  d r i l l i n g  techniques and equi pnent. The 

developnent a c t i v i t y  described could be accanplished over a 12 t o  15-year period. 

Sumnary 

Major uncertainties, shortcanings, and advantages o f  the concept are s m a r i z e d  below: 

The capabi l i ty  t o  d r i l l  with diameters up t o  50 an holes t o  a depth o f  10,000 meters 
does not exist  and would require a tremendous advance i n  the state o f  technology. How- 
ever, should i t  be demonstrated that  considerably lesser depths, e.g., 3,000 m, are con- 
s i  stent wi th  the concept they can be current ly achieved with holes o f  adequate size. 

The temperature, pressure, and chemical environnent a t  depth would present a potent ia l ly  
very host i le  environment f o r  the waste package. Signif icant adyances i n  materials tech- 
no1 ogy might be required t o  ensure 1 ong 1 ived package design. 

Corrective actfon, defined as re t r i evab i l i t y  o f  emplaced waste, would be unl ike ly  a f t e r  
empl acement . 
The approach i s  probably not consistent with the philosophy o f  being able t o  demonstrate 
technical conservatism i n  that design margins are considered small. 

Current methodology does not permit adequate assessment o f  the at-depth empl acement 
environnent, nor are c r i t e r i a  available for s i t e  selection. 

The extreme depth o f  the concept, and the result ing lengthy path t o  the biosphere might 
canpensate f o r  many o f  the dravbacks. 

6.1.1.4 Impacts o f  Construction and Operation (Preempl acement ) 

During the construction and operation phases, the envirormental impacts o f  the VDH con- 

cept would be those canmon t o  other d r i l l i n g  and excavation act iv i t ies. D r i l l i n g  the hole 

would ra ise envirormental considerations simi lar t o  those f o r  d r i l l i n g  deep holes f o r  o i l  and 

gas wells, f o r  "ranfun exploration and production, and f o r  geothermal and deep k k  mining. 

VDH impacts f o r  these phases would be: the conversion each year o f  several square kilcxneters 

from present land uses t o  d r i l l i n g h i n i n g  and waste repository act iv i t ies;  disturbance and 

removal o f  vegetation; temporary impoundment o f  water i n  mucking and se t t l ing  ponds; accunu- 

l a t i o n  o f  ta i l ings;  a l te ra t ion  o f  the topography at, and adjacent to, the site; and socio- 

econanfc impacts on housing, schools, and o t h e r ' c m u n l t y  services. - No specf al '  envirormental 

considerations beyond those required f o r  normal d r i l l  ing would be required. 



Health Impacts 

Radiological Ef fects t o  Man and Environment. As indicated ear l ie r ,  two d i f f e ren t  waste 

forms could be considered f o r  disposal i n  very deep holes: spent fue l  i n  canisters and encap 

sulated processed high-level waste. A detai led descr ipt ion o f  these forms i s  contained i n  

Bechtel (1979a). Additional assunptions are t h a t  both waste forms would have undergone a 

10-year decay perlod p r i o r  t o  emplacement and tha t  secondary TRU wastes would be disposed vfa 

a mined geologic repository. 

The estimated t o ta l  occupational whole-body dose from VDH disposal during rout ine oper- 

at ions would be 4,150 man-rem/yr f o r  the spent fuel waste form and 6,260 man-rm/yr f o r  the 

HLW form (Table 6.1.1). O f  th is,  910 man-rem/yr f o r  the spent' fuel waste and 920 man-rem/yr 

f o r  the HLW form can be at t r ibuted t o  the emplacement o f  waste i n  the deep hole. The de- 
t a i l e d  breakdown o f  doses d i r e c t l y  a t t r ibutab le  t o  the VDH concept i s  presented i n  Table 

6.1.2. Doses a t t r i bu tab le  t o  the natura l ly  occuring radioactive mater ia ls released during 
excavation o f  very deep holes -are not i ncl uded i n  the estimates. 

The estimate o f  the t o t a l  nonoccupational whole-body dose from UDH disposal i s  380 man- 

rem/yr for  the spent fuel waste form and 180 man-rem/yr f o r  the HLW form (see Table 6.1.1.). 

Only a very small por t ion would be contributed by the  deep hole -- 7 x 10-6 man-rem/yr and 

3 x 10-4 man-remlyr, respectively, f o r  the spent fuel and HLN forms. . 

Only nonoccupational doses have been estimated f o r  abnormal conditions and these are 

presented i n  Table 6.1.3. Insuff ic ient  data are available t o  al low an estimate o f  the ex- 

posure to  occupational personnel during abnonnal condf tions. It can be only assuned tha t  tk 
exposure would be w i th in  regulatory requirements. I n  t h i s  instance, the estimated t o t a l  

TABLE '6.1 -1. Radio1 ogical Impact - Routine Operation (Bechtel 1979a) 

Whole Body Dose, man-rem/yr 

Occupational Nonoccupati onal 

Spent Fuel 

AFR - , 1580 
Packaging and Enca~sulat ion 1100 

(P/E) Facil  i t y  ' 

Transportation 
~ e p o s i t  ry (secondary waste) 
Deep ~ o ? e  

Total 
a m 

P/E Fac i l i t y  
Transportation 
Reposi t o r y  (secondary waste) 
Deep Hole 

Total 



TABLE 6.1.2. VDH Concept - Occupational Doses During 
Normal Operation (Bechtel 1979a) 

Whole Body Dose, man-rem/yr 

Operation Spent, Fuel H L W  

Primary Waste Recef vf ng 170 220 
Damaged Canister Recefving/Processing 80 100 
Surface Waste 

Management 40 70 
Deccmissioning 40 10 
Primary Waste Placement 370 320 
1nterim Confirm. Buildf ng 
Support/Overhead 

Total 

whole-body dose would not be applicable because the indfvfdual estimates given i n  Table 6.1.3 

cannot be added algebraically. However, note that  f o r  both waste forms the potentfal. 
for the highest exposure would be fo r  a transportation accident, which i s  not an operation 
unique t o  the VDH concept. 

lonradfological Impacts. Nonradiol ogfcal impacts should be canparabl e t o  those o f  any 
1 arge construction project and those o f  industry during operation. Injurfes, illnesses, and 
deaths camnon to  such operations might be expected. 

TABLE 6.1 -3. Radf ological Impact - Abnormal ~ondit ions(a) 

Operation 

Whole-Body Dose, m rem/event 

(Nonoccupational) 

Spent Fuel 

AFR 2 x 10-3(b) 
P/E Fac i l i t y  3 x 0-1 
Transportation llmfc) 
Repository (secondary waste) 60 d) 
Deep Hole 60 

P/E Fac i l i t y  
Transportation 
Repository (secondary waste) 
Deep Hole 70 

(a) Dose estimates imply consequences o f  a design basfs accfdent. -No probabi l i ty 
analysis i s  i nc l  uded. 
Design base accident (DBA) i s  tornado. 
DBA i s  t r a i n  wreck, i n  urban area followed by a f i re .  
DBA I s  hof s t  f a i l  ure' handling secondary waste. 



The occupational hazards during normal operations o f  the waste disposal system would be 

expected t o  be no more, and maybe fewer, than the average associated with the var3ous 
a 

trade/professional workers required t o  operate the system. 

I n  the case o f  rout ine operation nonoccupational hazards, the expected impact would not 

be detectable. 

There are no specific data available t o  permit a quantitat ive. estimate o f  the conse- 

quences o f  accidents t ha t  may arise. It i s  expected t ha t  abnormal occurrences such as f i res,  

derailments,.transportation accidents, and equi p e n t  fa i lu res  canmnon t o  industry would oc- 

cur, but wi th reduced frequency. Consequently, the occupational fmpact would be expected t o  

be less than tha t  f o r  industry i n  general. 

Natural System Impacts , 

Currently available information i s  so l im i ted  tha t  quanti t a t i v e  estimates o f  the radio- 

log ica l  impact on the  ecosystem are not available. However, i t  i s  expected that, during 

normal operations, the impact would be minimal, i.e., not greater than tha t  f o r  the mined 

geologic repository concept. Engineered safety features would be provided t o  ensure tha t  the 

disposal system would operate i n  cunpl iance w i th  regulatory requirements. I n  addition, loca- 

t i o n  o f  the waste i n  holes as deep as 10,000 m would increase the transport path t o  several 

ki laneters more than that  f o r  the mined geologic repository. This would tend t o  further 

mit igate the consequences o f  radioactive waste leak, should i t  occur, by increasing the 

transport time. ' 
Microfractures and other openings might develop i n  the v i c i n i t y  o f  the hole because o f  

the stress r e l i e f  created by d r i l l i n g  o r  excavation. I n  addition, small openings might de- 

velop wi th in  the cement plug and between the plug and the hole wall i f  the bonding between 
the two were not adequate. Such channels would provide pathways f o r  contaminated waters t o  

migrate to the biosphere. If the hole were s i ted below c i rcu la t ing  ground water, the p r i -  

mary d r i v ing  force f o r  migration would l i k e l y  cane fran the  thermal energy released by the  

radioactive waste. The travel  time t o  the biosphere would therefore depend on the availa- 

b i l i t y  o f  water, the  cont inu i ty  and apertures o f  the ex is t ing and induced fractures, the time 

and magnitude o f  the energy released, geochemical reactions, and the volune and the geometry 

a t  the opening over which the energy persists. The lack o f  data on the presence o f  water and 

the properties o f  fractures i n  deep rock envtronnents prevents making any estimate o f  the 

consequences t o  the ecosystem. 

Nonradiological e f fects  on the ecosystem might impact both water and a i r  quality. Water 

qua1 i t y  might be affected by the discharge o f  t reated wastewater t o  the surface water and by 

r a i n f a l l  runoff  f ran graded areas, rock piles, and paved areas. A i r  qua l i t y  and meteorolo- 

gical changes would cane fran the generation o f  f ug i t i ve  dust and the creation o f  re f lec t ing  

surfaces. A i r  qual i ty  would also be affected by emissions f ran dieselrpowered construction 

and transportation equipment, stack gases, and f ug i t i ve  dust. The exact discharge quant i t ies 

and runoff character ist ics and the exact amount and type o f  construction equi p e n t  are not 



pva i l ab l e  a t  t h i s  time. Parameters such as vehicle miles, surface areas o f  structures and 

pavement, s o i l  characterist ics, and size o f  stock p i l e s  are also unavailable. f o r  each of 

these parameters, a qua l i ta t i ve  estimate was developed &ere the water qua l i t y  e f fec ts  are 
based on t o t a l  1 and requirement f o r  the f ac i l i t y .  The meteorology and a i r  qua l i t y  impact 

estimate was based on the number o f  construction sites, which represent a va r ie ty  o f  dust and 
diesel emissions, and t he  nunber o f  operational emission sources (Bechtel 1979a). The es t i -  

mates are given i n  Table 6.1.4. 

Socioeconomic E f fec ts  

A cmplete  assessment of the socioeconanic impacts o f  the  VDH concept cannot be made a t  
t h i s  time because few data are available. I n  addition, the  data t h a t  are available can be 

used only in fe ren t ia l l y .  These data, which r e l a te  t o  operating employees and camnunity 
f a c i l i t i e s ,  ind icate  t h a t  impacts would be only moderate. 

These inferences are based on a c lass i f i ca t ion  scheme where minor, moderate, and major 
correspond t o  less  than 2,000 employees, between 2,000 and 4,000 employees, and more than 
4,000 employees, respectively. For the c m u n i t y  f a c i l i t i e s  two locat ions i s  minor, t h e e  t o  
t en  locations i s  moderate, and more than ten locat ions i s  a major impact. 

Aesthetic E f fec ts  

As wi th  socioeconomic effects, only minimal data are available f o r  aesthetic e f fec ts  and 
these data can be used only in fe ren t ia l l y .  The available data r e l a te  t o  visual e f fec ts  only. 

I n  t h i s  case, t he  inference i s  t h a t  aesthetic impact would be moderate f o r  both waste fons. 

This inference i s  based on a c lass i f i ca t ion  scheme h e r e :  

Minor = no permanent structures, f ac i l  i ties, o r  equi wen t  more 
than 100 m high 

Moderate = one f a c i l i t y  w i th  permanent structures, features, o r  
equipnent more than 100 m high 

Major = more than one f a c i l  i t y  w i th  permanent structures, 
f a c i l i t i e s ,  o r  equipnent more than 100 m high. 

TABLE 6.1.4. Nonradiol ogical Environmental Impact 

Category Spent Fuel HLW 

Water Qua1 i ty 2400 800 
F a c i l i t y  Area, ha 

Meteorology and 
A i r  Qual i t y ,  
nunber o f  construe- - 
t i o n  s i  tes/operational 
sources 9/42 0/10 



Resource Consumption 

The consunption o f  major resources f o r  each case has been estimated frm available 

1 i terature. 

Energy. The estimates o f  energy consunption i n  the forms o f  propane, diesel fuel, gaso- 

1 ine, and e l e c t r i c i t y  are presented i n  Table 6.1.5 f o r  both the spent fue l  waste form and HW 
(Bechtel 1979a) . 

C r i t i c a l  Material Other Than Fuel. The estimated consunption o f  c r i t i c a l  resources f s 

presented i n  Tabl e 6.1.6 (Bechtel 1979a). 

Land. The estimated t o ta l  land that  would be required for a 5,000 MTHWyr waste disposal - 
system i s  14,000 ha (35,000 acres)for the spent fuel  waste form and 8,000 ha (20,000 acres) 

f o r  the HLU form. I n  both cases, the estimated impact would be moderate. 

Internat ional  and Domestf c Legal and Ins t i tu t iona l  Considerations 

The international/domestic legal  and ins t i tu t iona l  considerations associated with 6 VDH 

repository are expected t o  be o f  the same nature as those addressed f o r  a mined geologic re- 
pository. (See section 3.3.2 and section 3.5.2) 

6.1.1.5 Potential Impacts Over the Long Term t post emplacement^ 

The potential for impacts over the long term would re la te  both t o  hunan a c t i v i t i e s  and t o  

natural phenomena. I n  turn, human ac t i v i t i es  could be related t o  the f a i l u r e  o f  engineered 
features o r  hman encroachment. Natural phenomena, Such as earthquakes and volcanoes, could 

a1 so degrade the i n teg r i t y  o f  the waste repodtory. The heatfng, rock a1 teration, o r  thenno- 
mechanical pulsing t ha t  could be caused by wastes reaching c r i t i c a l  mass are issues camnon t o  

other geologic disposal alternatives. These aspects would be dependent on the speci f ic rock 
and s i t e  characterist ics, waste form, quantity, and spaclng and could be evaluated only Hhen 

these parameters have been defined. 

Tabl e 6.1.5. Estimated Energy Consumption 

Fuel Type Spent Fuel HLW 

Propane, m3 2.3 x 1& 1.0 x 107 
Diesel, m3 1.6 x 107 3.4 x 106 
Gasoline, m3 1.6 x 105 1.2 x 105 
Elect r ic i ty ,  kClh 2.0 x 1010 5.6 x 1010 



TABLE 6.1 -6. Estimated Consunption o f  Cr i t i ca l  Resources 

Material Spent Fuel HLM 

Carbon Steel, MT 
Stainless Steel, MT 
Component s 

Chromium, MT 
Nickel, MT 
Tungsten, MT 

Copper, MT 
Lead, MT 
zinc, MT 
Aluninum MT 
Water, d 
Concrete, m3 
Lunber, 1gO 3 
Clays, 10 MT 

Potential Events 

The long-tern impact o f  a VDM repository on the ground-water regime would be governed 
essential ly by the nature o f  the deep ground-water system. Because o f  the great depth o f  em- 
placement and the larger volume o f  rock available t o  absorb the energy released by radio- 
active decay, the deep ground-water system probably would not be appreciably perturbed by the 
waste i t se l f .  If the deep hole were located within a recharge zone or i n  a zone o f  la te ra l  
movenent, the distance t o  the biosphere along the path o f  flow might be so long and the 
veloci t ies so low tha t  i so la t ion  might be effectively achieved. Furthermore, the transport 

o f  radioactive contamimnts by the flowing water would also be great ly retarded by the 
increased residence times and the increased time fo r  interact ion o f  the contaminant with the 

host rock. 

Engineering Fai lure o f  Iso lat ion Mechanism. The principal engineered iso lat ion mechan- 
i s m  for t h i s  waste disposal system would be the contaiment seal. After emplacing the 

nuclear waste. i n  the deep boreholes, the holes would be sealed t o  isolate the waste from the 
bfosphere. This iso lat ion would have t o  be sustained fo r  tens to hundreds o f  thousands of 
years f o r  HLGI. Not only would i t  be necessary t o  seal the borehole i t se l f ,  but considera- 

t i on  would have t o  be given t o  plugging any damage that  could have occurred around the hole. 

The loss o f  the in tegr i ty  o f  t h i s  contalnnent seal might provide a pathway fo r  the waste 
in to  the biosphere. The impact on the environnent result ing from such a fa i l u re  could be 



evaluated only on the basis o f  site-specif ic parameters. The lack o f  specif ic data prevents 

a quantitative evaluation. However, i t  i s  not expected that result ing impacts would be any 

greater than those fo r  a mined geologic repository under comparable conditions and might be 
less due t o  the longer pathway o f  smaller diameter than a mine shaft. 

Natural Phenomena. Another concern fo r  .the VDH concept i n  the long term would be the 

suscept ibi l i ty o f  the ground-water system t o  tectonic changes and volcanic action. The very 
concept o f  the deep hole i s  aimed a t  minimizing such effects by increasing the distance t o  

the bfosphere as much as i s  technically feasible. Placement o f  the waste disposal s i t e  i n  a 

tectonical ly stable region would reduce the probabi l i ty o f  such catastrophic events. Site- 
specif ic data would be required to  quantitatively assess the impact o f  natural phenomena 

leading t o  degradation of the contaiment. 

Inadvertent Human Encroachment. Human intrusions in to  the VDH repository i n  the long 
term could result  fran d r i l l  ing, exploration, and excavations. Monitoring, surveillance, and 

security operations carried out a f te r  the repository were closed would provide an increment 

o f  safety against such occurrence. However, the physical depth o f  the VDH would i n  i t s e l f  be 
expected to  provide a signif icant deterrent against hunan encroachment. 

Potential Impacts 

The loss o f  in tegr i ty  o f  the waste disposal system as a resul t  o f  an engineered system 
failure, natural phenomena, or  hunan encroachent might give r i s e  t o  environnental conse- 

quences by introducing radioactive waste in to the biosphere, which would result  i n  radiologi- 

cal health effects. Similarly, ecosystem effects and nonradiological health effects are con- 

ceivabl e. 

Radiological Health Effects. It i s  d i f f i c u l t  t o  predict the nature o f  future events tha t  

would cause a breach o f  the barr iers iso lat ing the nuclear waste frun the biosphere. Hence, 
i t  Ss assmed that the system would perform as designed f o r  a prespecified period o f  thou- 
sands o f  years (Bechtel 1979a). After the period i n  which the iso lat ion scheme performs as 
engineered, the barr iers would be assuned to  be susceptible t o  breach by: 

a Normal degradation, due t o  expected, natural ly evolving events, such as breach by an 
aquifer u i t h  the eventual leaching and migration o f  the waste 

0 Abnormal penetration, due t o  unexpected events, such as d r i l l i n g  o r  mining o f  the 
waste s i te  by man. 

The actual scenarios are described i n  detai l  i n  Bechtel (1979a). The radiological impact i s  
expressed i n  terms o f  dose per year o r  dose per event i n  the case o f  the abnormal occurrence. 

The impacts are given i n  Table 6.1.7. 

Ecosystem Effects. An evaluation o f  the effects on the ecosystem i n  the long term re- 
quires data tha t  are presently unavailable. However, i t  i s  not expected that the impact on 
the ecosystem would be any greater than that f o r  a mined geologic reposJtory, and maybe less, 
since the radionuclides would be expected to  take longer t o  reach the biosphere. 



TABLE 6.1.7. Long-Term Radiological 1mpact of Primary Waste Barr ier  Breach 

Waste Type 
Spent Fuel HLW 

Normal Events (mrem/yr) 
Whole Body 7 x 10-4 7 x 10-4 
Bone 5 x 10-4 5 x 10-4 

Abnormal Events (mrem/event) (a) 
Whole Body Negl ig ib le k g 1  i g i b l  e 
Bone Negl i g i b l e  Negl i g i b l  e 

(a) Dose i s  50-year dose canmitment f ran 1 year intake t o  the maximun exposed 
individual. 

Wonradiological Health Effects. A1 though there are no speci f ic  data t o  evaluate the non- 
radiological  heal th impact, i t  i s  expected t ha t  these impacts would be cunparable t o  those 
found i n  the corresponding industries, e.g., mining, d r i l l i n g ,  and excavating. 

6.1.1.6 Cost Analysis 

A l l  cost estimates are i n  1978 do l la rs  

1979a) less 10 percent. 

The estimates are based on prel iminary 

based on January 1979 d o l l a r  estimates (Bechtel 

conceptual design data and w r e  developed without 

the a i d  o f  previous cost estimates f o r  t h i s  type o f  f a c i l i t y .  Because o f  the high uncertain- 
t i e s  i n  the cost o f  ro ta ry  d r i l l e d  holes as large and deep as are ca l led for  i n  t h i s  VDH 

concept, the costs given should be considered only as prel iminary estimates. 

Capital Costs 

On t he  basis o f  the  waste system description, as presented i n  Section 6.1.1.2, the es- 

timate o f  the cap i ta l  cost for  the spent fuel case i s  approxfmately $2.3 b i l l i on .  For the 

HLW case, a cap i ta l  cost estimate i s  $290 mill'ion (Bechtel l979a). 

Operating Costs 

Operating cost estimates for the spent fue l  case have been calculated per year f o r  years 

1 through 38 and then for phasedown years 39 and 40. These costs, which include VDH ro ta ry  
d r i l l i n g ,  moving emplacement structures, hole seal ing, and receiving f a c i l i t i e s  operations, 

would be about $1.7 b i l l i o n  for each year through the 38th year, $1.6 b i l l i o n  f o r  year 39, 

and $0.8 b i l l i o n  f o r  year 40. 

For the HLW case for the same time periods, estimated costs would be $210 m i l l i o n  f o r  

each year through the 38th year, $200 m i l l i o n  for  year 39, and $260 m i i l i o n  f o r  year 40. 

Decommissioning Costs - 
Total estimated decanmissioning cost for the spent fuel  case would be $32 m i l l  ion. Total 

f o r  the HLW case i s  estimated a t  $11 mi l l i on .  



6.1.1.7 Safeguards 

As noted, the waste types t ha t  can be handled i n  the VDH concept would be 1 i m i  ted by 

volune constraints. Thus, choosing t h i s  al ternat ive would require safeguarding two separate 

disposal flowpaths. The r i s k  o f  diversion would be s t r i c t l y  a short-term concern, because 

once the waste had been successfully disposed o f  i n  accordance with design, the waste would 

be considered i r retr ievable.  Physical protection o f  the sensit ive f a c i l f t i e s  and transpor- 

ta t ion  operations would be the most e f fect ive way t o  deny access t o  the waste for the short 

term, as i s  cunmon t o  most waste disposal alternatives. For additional discussions o f  pre- 
disposal operations safeguards see Sectton 4.10. 



6.1.2 Rock Melt 

Concept Summary 

The rock melt concept f o r  radioact ive waste disposal c a l l s  f o r  the d i r ec t  emplacement o f  

reprocessed 1 i qu i d  o r  s l  u r ry  HLW and renotehand1 ed (RH) TRU i n t o  underground cavit ies. 

A f te r  the water has evaporated, t h e  heat f ran radioactive decay would melt the surrounding 

rock, eventually dissolv ing the waste. I n  time, the waste-rock solut ion would refreeze, 

trapping the radioact ive material i n  a r e l a t i ve l y  insoluble matrix deep underground. ihe  

waste and rock should achieve reasonable homogeneity before cooling, w i th  r eso l i d i f i ca t i on  

canpleted a f t e r  about 1,000 years. Rock melt ing should provide h igh- in tegr i ty  containment 

f o r  the radionucles wi th  h a l f  1 ives longer than t h i s  period. Spent fue l  and secondary wastes 
(hulls, end f i t t i ngs ,  and contact-handled (CH) TRU are not sui table f o r  rock me1 t disposal 

unless they could be safely and econanically put  i n t o  a s l u r r y  f o r  injection. Otherwise, 
they would be disposed o f  using some other form of t e r r e s t r i a l  disposal , such as a mined 

geologic repository. 

The waste-rock so l i d i f i ed  conglanerate tha t  would u l t imate ly  r esu l t  i s  expected t o  be ex- 

tremely 1 each resistant,  t o  the extent tha t  i t might provide greater long-term containment 

f o r  the waste isotopes than a mined geologic repository. Because l ess  mining a c t i v i t y  would 

be involved, t he  cost advantages could be substantial (Bechtel 1979a). 

Af ter  emplacement, the  waste would be considered t o  be i r re t r ievable ,  although i t could 

probably be recovered a t  great expense during the  charging o r  waste addit ion period while 

cooling water was s t i l l  being added. However, the  recovery operation would becane much more 

complex and expensive wi th  time as the s ize o f  the  charge increased (Bechtel 1979a). 

There are several technological issues t o  be resolved and considerable R&D work would be 

needed before t h i s  concept could be implemented. Primary needs would be f o r  be t te r  under- 

standing o f  heat-transfer and phase-change phenanena i n  rock t o  establ ish the s t a b i l i t y  o f  

the molten matr ix and f o r  devel opnent of engineering methods f o r  enpl acement. 

6.1.2.2 System and F a c i l i t y  Descript ion 

System Options 

The reference concept f o r  rock me1 t disposal o f  nuclear waste has been developed f ran  a 
nunber o f  options available a t  each step f ran  the removal o f  spent fuel f ran  the reactor t o  

disposal i n  the rock melt ing repository. 

Various options t o  be considered are sunmarized i n  Figure 6.1.3. The bases f o r  selec- 

t i o n  o f  options f o r  the reference concept (those blocked o f f )  are discussed i n  de ta i l  i n  var- 

ious docunents l i s t e d  i n  Appendix #. I n  addition, a nunber o f  options f o r  var iat ions w i t h i n  

the concept were considered. These options could improve the concept by changing the cav i t y  
construction method o r  the waste form, o r  by el iminat ing cav i t y  cool ing (Bechtel 1979a and 

DOE 1979). 
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FIGURE 6.1.3. Major Options for kock ~ e l t i n g  Disposal of Nuclear Waste 



Waste-Type Compatibil i t y  

It i s  assuned f o r  the reference case tha t  only l i q u i d  HLW and l i q u i d  RH-TRU would be 

i d e c t e d  i n t o  the  rock me1 t i n g  cavity. Because o f  uncertainties associated wi th  emplacement, 

such as additional c r i t i c a l i t y  concerns, and a su f f i c i en t  heat generation ra te  f o r  the 

vo1 me, spent fue l  i s  not considered su i tab le  f o r  t h i s  reference case. Therefore, spent fue l  

and ather wastes t h a t  may have low heat generation per u n i t  o f  volme, such as so l i d  RH-TRU 

and CH-TRU, are assmed t o  be sent t o  a geologic repository. Note t h a t  the s u i t a b i l i t y  o f  

spent fuel  and other wastes f o r  rock melt disposal may be improved by safe ly  and economically 
put t ing them i n t o  a s l u r r y  form. 

Uaste-System Descript ion 

Basically, rock melt ing would work i n  the fo l lowing manner. I n  the  charging phase, HLW 

i n  aqueous solut ion would be in jected i n t o  a mined cavity. The heat generated by the radio- 

act ive decay o f  the  waste would d r i ve  o f f  steam, which would be piped t o  the surface. When 

the bo i l - o f f  ra te  reached a cer ta in  level, l i q u i d  transuranic wastes would be added t o  the 

charge. Periodical ly, high-pressure cleaning water would be flushed through the  in jec t ion  
piping t o  minimize contamination and sol i d  pa r t i c l e  buildup. Thi s c l  eaning water would a1 so 

f low i n t o  the  waste, providing a coolant t o  prevent the  rock f ran melt ing during the waste 

charging phase. Cooling would be by evaporation o r  the heat o f  vaporization. A t  the surface, 

the steam driven o f f  f ran the waste would be condensed and recirculated t o  cool t he  charge i n  

the cavity. The closed system would be designed t o  prevent the release o f  rad ioac t i v i t y  t o  

the  enviroment' (Bechtel 1979a). 

Af ter  about 25 years, when a substantial f rac t ion  o f  t he  cav i t y  volune was f i l l e d ,  charg- 

ing would be stopped. Af ter  the water was allowed t o  b o i l  o f f  and the waste t o  dry, the in- 
l e t  hole would be sealed. The cav i t y  temperature A u l d  r i s e  rap id ly  and rock me1 t i n g  would 

begin, w i t h  radioact ive mater ia ls dissolv ing i n  the molten rock. As the mass o f  molten rock 

grew, i t s  surface area would expand and the  ra te  o f  conductive heat loss  t o  the surrounding 

rock would increase. Preliminary calculat ions indicate tha t  a t  about 65 years, the  r a te  o f  

conductive heat loss  f run  t he  melt pool would exceed t he  r a t e  o f  heat input f ran  radioact ive 

decay. A t  t h i s  point, the  melt  would begin t o  slowly so l id i f y .  During the rock melt ing 

phase, the heat f ran t he  melt would i n h i b i t  ground water f ran  entering the area and should 

prevent the leaching o f  the radionuclides. This i s  referred t o  as the "heat bar r ie r "  e f f ec t  

(DOE 1979). Following resol  i d i f i ca t i on ,  when the heat ba r r i e r  had df ss i  pated, f i ss ion  

products would have decayed t o  very low levels. The re l a t i ve  t o x i c i t y  o f  the residual radio- 

nuclides i n  the so l i d i f i ed  waste-rock matrix i s  expected t o  be s i gn i f i can t l y  l ess  on a volu- 

metric basis than tha t  o f  a typical  uranium ore from which nuclear fuel  was o r i g i n a l l y  

extracted. The f i n a l  product o f  t he  melt  i s  expected toibe a r e l a t i v e l y  insoluble sphere o r  

r eso l i d i f i ed  s i l i c a t e  rock conglanerate, w i th  a highly leach-resistant matrix, which would be 

deeply iso la ted f ran  the  biosphere (Bechtel 1979a). - 
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f UEL CYCLE MAGRAM - ROCK MELTING 

FLOLN DIAGRAM - ROCK MELTING DISPOSAL 

FIGURE 6: 1.4. Waste Management System-Rock He1 t i n g  Disposal 

The reference concept design f o r  rock melt disposal was selected through judgment o f  a . 
"most l i k e l y "  approach based on avai lable information and data and i s  not supported by a de- 

t a i l e d  systems engineering analysis. The fuel cycle and process f low f o r  t h i s  concept are 
shown i n  Figure 6.1 -4. I n  the  reference concept, a reposi tory i s  designed f o r  df sposal o f  4 

. m i l l i o n  l i t e r s  per yr (5,000 EfTtM/yr) of high-level l i q u i d  waste (HLLW) f o r  25 years. This 
requires three 6,000 9 (212,000 f t 3 )  cavit ies, about 2,000 m (6,560 ft) below the s u r  

face on a single site. The three cav i t i es  would be located about 2,000-m from each other 
( ~ e c h t e l  1979a). 



Predisposal Treatment of the Waste. The reference concept requlres a fuel reprocessing 

plant t o  recover uranium and plutonium for recycle and t o  generate HLLW f o r  disposal i n  the 

rock me1 t i ng  cavity, as described i n  Appendix V I I  o f  Bechtel (1979a). This pl ant could be 

located either on o r  o f f  sfte, but the reference concept assunes an on-site locat ion because 
o f  rest r ic t ions on the transportatfon of l i q u i d  radioactive materials. If sol id pel lets were 

produced i n  the packaging/encapsulation (PIE) f ac i l i t y ,  an o f f -s i te  locat ion would be feas- 

ible. 

Site. The primary factor i n  selecting a s i te  would be the s u i t a b i l i t y  o f  the rock - 
formations. Those rocks o f  greatest interest as potential media f o r  rock melt disposal are 
composed o f  s i l  icate minerals. S i l  icate mixtures are characterized by a me1 ti,ng interval 

rather than a de f in i te  melting point, the melting interval being d i f ferent  f o r  each d i f fe ren t  

set o f  minerals (DOE 1979). 

The melting interval i s  bounded by the solidus temperature (the temperature a t  which 

l i q u i d  f i r s t  forms as the rock i s  heated) and the l iguldus t&rature (the temperature above 
which mineral crystals do not exist stably). I n  rock melting; these temperatures would de- 
pend on parameters such as pressure, chemical canposition (especially the amount o f  water 
present) and the state o f  segregation o f  the rock (see Figure 6.1.5) (Piuinski i  1967, Luth e t  

al. 1964, and Wyllie 1971a). Therefore, the ultimate size o f  the rock melt cavi ty would de- 
pend on the waste decay heat 1 eve1 and the rock characteristics, including t h e n a l  conducti- 

v i t y  and thermal d i f fus iv i ty .  A1 so , the ultimate vol une o f  the molten rock would be i n f l  u- 
enced by the size o f  the or ig inal  mined cavity. The radius o f  the waste-rock melt pool, as a 

function o f  time, f o r  a typical rock melt repository i s  shown i n  Figure 6.1.6 (DOE 1979). 

The tota l  s f te  area that would be required f o r  a rock melt repository would depend on the 

nLsnber o f  cavities, the size of the cavit ies, spacing- between the cavit ies, and surface 
f a c i l  i t y  requirements. For t h i s  reference concept, the sf t e  area would be approximately 4 

FIGURE 6.1.5. Schematic 11 lust rat ion of FIGURE 6.1.6. Radius o f  Waste-Rock Melt 
Hydrous and Anhydrous Me1 t i ng  PoollDver Time (For Typical 
Intervals f o r  an Average Cavity and Waste Loading) 
Granite 



Dr i l l i ngm in ing  System. The reference concept requires two access shafts f o r  each cav- 
i t y ,  each 2 m (6.6 f t )  i n  diameter and approximately 2,000 m (6,560 ft) deep. They would be 

d r i l l e d  using the b l  fnd hole boring method (Cohen e t  a1 . 1972). A m t a t f  ng head u i t h  cutters 
rrould be turned by e l ec t r i c  motors down hole. The en t i re  borfng machine would be held f ixed 

i n  the hole by a hydraulic gripping arrangement. The shafts would be 1 ined with carbon steel 
casings a f t e r  d r i l l i n g  (Bechtel 1979a). This method would require men i n  the shaft  t o  oper- 

ate the borfng machine (DOE 1979). 

The cav i ty  would be excavated by conventional mining techniques, although the equipnent 
used would be l im i ted  by the access shaft diameter (Bechtel 1979a). Any blast ing w u l d  be 

control led t o  minimize fracturing of the surrounding rock. The spoil f ran  both d r i l l i n g  and 

excavating would be hoisted up the access shafts by cable l ift f o r  surface disposal (Bechtel 

1979a). 

Repository Fac i l  i t i e s .  If the reprocessing plant were located on sf te, the reprocessing 
f a c i l i t i e s  would include a processing/packaging fac i l i t y .  If processing and packagf ng o f  

wastes f o r  o f f - s i t e  disposal - were performed o f f  s i  te, the repository f a c i l i t i e s  would include 
a receiving f a c i l i t y  s imi lar t o  t ha t  described f o r  the very deep hole concept (Section 

6.1 .I -1). The fol lowing descr ipt ion assunes t ha t  the reprocessing f a c i l  i t y  would be on site. 

Four ident ical  stainless steel tanks m u l d  be provided f o r  stor ing HLLW. These tanks 
uould have a canbined capacity o f  about 106 1 i t e r s  (2.8 x 105 gal), which equals 3 

months' production. The tanks, w i th  the same design as those a t  the canmercial reprocessing 
plant i n  Barnwell, South Carolina, m i l d  be contained i n  underground concrete vaul ts and 

provided with internal  cooling co i l s  and heat exchangers t o  prevent the waste from bo i l  ing 
(Bechtel 1979a). 

An underground pipe system would connect the reprocessing f a c i l i t y  t o  the storage tanks 
and the three rock melting cavit ies. The pipe would be double cased and protected by a c& 
crete shielding tunnel. The p i  pe annul us would contain leak detectors. Heavy concrete and 
steel confinement buildings over the pipe and cavi ty shafts uould provide f o r  containment, 

sh ie ld i  ng, moni toring, decontmination, mafntenance, and decmiss ion ing  ac t i v i t i es ,  primar- 
i l y  by remote control ( ~ e c h t e l  1979a). 

There would be four main pipes i n  the operating shaft t o  the rock melting cavity: 

. 0 A double-wall , stainless steel waste-addition pipe 
1 1  

a A s i  ngle-wal 1 , sta in l  ess steel water-cool i ng pipe 

0 A single-wall , stainless steel steam-return pipe 

0 A s ta in l  ess steel I nstrmentat ion pipe through & ich  monitoring devices would be inserted 
t o  measure the temperatures and pressures a t  various points i n  the system (Bechtel 
1979a) . 
The confinement buildings over the cav i t ies  would a1 so house the e.qui p e n t  and systems 

needed f o r  f i l l  ing the cav i t y  and sealing the shaft. Three important process systems would 



be: (1) the pipe and valve manifold enclosure, (2) the condensing plant, and (3) gas pro- 

cessing equipnent. Pipe and valve manifolding would be located i n  an enclosure near the top  

o f  the cav i t y  operating shaft. The cooling water in jected i n t o  the cav i t y  and the steam frm 
the  cav i ty  would be routed through t h i s  enclosure. There would be an operating and 

instrunentat ion ga l lery  adjacent t o  the enclosure (Bechtel l979a). (The HLLW would be 

charged through a separate underground pipe, mentioned above, tha t  would not go through t h e  

confinement bui ld ing o r  the pipe and valve manifold enclosure.) 

The condensing plant would cool and condense the s tem caning out o f  the cav i t y  and re- 

cycle i t  as cooling water during the  waste charging phase. The po ten t ia l l y  radioact iye prim- 

ary  cooling loop and the nonradioactive, c losed-circui t  intennediate cool ing loop, along wi th  

the associated punps and heat exchangers, would be shop fabricated i n  modules and designed 
f o r  rapid m o t e  maintenance. Since the rock would s t a r t  t o  melt i n  a matter o f  days without 

cooling, a l l  heat exchanger and punp systems would be designed and constructed wi th  f u l l  re- 

dundant capacity t o  ensure constant cool ing. 

Most o f  the gaseous elements i n  s p n t  fuel  would be removed during reprocessing a t  the 

fue l  reprocessing f ac i l i t y .  However, sane f i ss ion  product iodine i n  the  l i q u i d  wastes could 

becane v o l a t i l e  during the waste charging phase and would be carr ied out wi th  the stem. 

This would be trapped by t he  gas processing equipnent and returned with t he  cool ing water t o  

the  waste charge o r  packaged f o r  disposal i n  a mined geologic repository (Bechtel 1979a). 

Auxi l iary f a c i l i t i e s  would support the systems and equipnent located inside the con- 

finement building. These would include the  water treatment plant, cool ing tower, and . 

radwaste treatment (Bechtel 1979a). 

Sealing Systems. There would be two pr incipal  shaft seal ing operations: 

1. Sealing o f  the spare shaft a f t e r  construction and before waste charging begins 
0 

2. Sealing of the charging shaft a f ter  cmp le t ion  o f  waste f i l l ing but before rock 
me1 t i n g  begins. 

The NRC's Information Base for Waste Repository Design (NRC 1979) provides recmenda- 

t i ons  f o r  sealing conventional boreholes and shafts. Though t h i s  information base may not be 

par t i cu la r l y  applicable t o  t he  rock melt concept, It states t h a t  removal o f  the steel casi  ng 

i s  essential f o r  l ong- ten  performance o f  the seal. The seal must be bonded d i r e c t l y  t o  the 

geological s t ra ta  for maximum strength. Expansive concretes make the best seals under cur- 

rent  technology and do so a t  an acceptable cost. However, i t  i s  not cer ta in  t ha t  these 
seals, whether cement, chemical, o r  other material, w i l l  successful ly r e s i s t  deter io-  

r a t i o n  over a period o f  1,000 years on the basis o f  current penetration sealing technology. 

Seal f a i l u r e  must be assuned even f o r  seals placed under ca re fu l l y  control1 ed c o n d i t i ~ n s  us- 

i ng state-of-the-art technol ogy and material s. Further devel opment o f  seal ing technol ogy 

would, therefore, be required (DOE 1979) . 
Postemplacement s i a l  ing o f  the pipes w i th in  the shaft, the sha f t  i t s e l f ,  and the pipes 

and valve ga l le ry  i n  the confinenent bu i ld ing would be a more canplex problem.  his i s  be- 



cause o f  the l imited time, the high temperatures involved, and the radioact iv i ty  levels  i n  

the system. Considerable technology i n  t h i s  area has yet t o  be developed, as d l  xussed i n  

the following section. 

Retrievability/llecoverabilit~. Hastes disposed o f  by t h i s  concept would possibly be re- 
tr ievable fo r  a short period. p r io r  t o  melting, most o f  the l i q u i d  or  s lu r ry  could be re- 
moved. After the melt has begun, well techniques f o r  the molten rock-waste mixture might be 

possible. However t h i s  i s  unproven and would l i k e l y  be an expensf ve and d i  f f i c u l t  process. 

Postclosure recovery o f  the sol id i f ied waste form would require extensive mining and excava- 

t i o n  o f  large quantities o f  hot and molten rock containing waste. 

6.1.2.3 Status o f  Technical Development and R&D Needs 

Present State o f  Development 

Substantial fundamental and applied research would be required f o r  continued developnent 

o f  the rock melting disposal concept. This method i s  i n  the conceptual stage andi no experi- 

mental work has been undertaken t o  support i t s  feasib i l i ty .  

Rock Melting Process. Generally, rocks are multiphase mixtures o f  a number o f  minerals 

characterized by a melting interval, as noted earlier. Because any two samples o f  a partic- 

ular type o f  rock w i l l  have s l i gh t l y  d i f ferent  mineral canpositions, they Hill a1 so have 

s l i gh t l y  d i f ferent  me1 t i ng  intervals. As we have seen, the boundaries o f  these intervals 

( 1 iquidus and sol idus temperatures) depend on several parameters. 
I 

If the canposition.of the .rock i n  which a waste,repository were t o  be located has been 

well characterized, the melting properties o f  that  rock could be predicted with sane preci- 

sion, and i f  the thermal conductivity, thermal d i f fus iv i ty ,  and the heat o f  fusion o f  the 

rock were a1 so known, the melting "history" o f  the HLW/rock me1 t i ng  phafe could be predicted. 

Clearly, i t  would be prudent t o  experimentally ver i fy  such predictions by means o f  proto- 

type experiments; however, i t  should not be necessary t o  carry out an extensive series o f  

such experiments t o  ver i fy  the current predictive capabi l i ty for  estimating the ra te  o f  rock 

melting and the tota l  amount o f  rock melted f o r  a part icular set o f  waste repository con- 

ditions. 

Effects o f  Heat on Rock Properties. The properties o f  rock subjected t o  high thermal 

gradients would be impbrtant inputs t o  determining the condition o f  the rock enclosing the 

molten waste-rock matrix. While the radius o f  t h i s  molten zone should be small canpared with 

the extent o f  the geologic formition i n  vhich the repository would be sited, the zone's 

properties would have t o  be known so that an appropriate structural and safety analyses could 

be carried out. 

The inner edge o f  t h i s  zone would be defined by the maximun radius o f  rock tha t  had been 

heated t o  l i qu id  formation. The outer radius o f  the zone could be roughly characterized as 

that  location beyond Hhich the rock had not been measurab.ly affectedZy heat from the HLN. 



The heat e f fects  i n  the peripheral edges o f  the zone m u l d  be s imi lar  t o  e f fects  found i n  a 

mined repository. 

Transport o f  Radionucl ides i n Rock Melting. Under normal operating conditions, the cas- 

ing  i n  the emplacement well should prevent contact o f  radioactive waste w i t h  any aquifers 

t ha t  would over l ie  the  disposal cavity. However, during waste charging, It i s  conceivable 

t h a t  some rad ioac t i v i t y  could migrate out o f  the cav i t y  i n t o  the surrounding rock. But, i f  

the  cavi ty were maintained approximately a t  atmospheric pressure, the tendency o f  water under 
hydrostatic pressure to  f low i n t o  the cav i ty  should minimize the importance o f  t h i s  transport 

mechani sn. 

During the  rock melt ing phase, transport o f  radionuclides out o f  the waste-rock mixture 

would presunably be inhibited, because no water would be present i n  the melt  and a port ion o f  

the surrounding zone o f  heated rock (Taylor 1977). (This i s  the "heat barr ier '  e f f ec t  refer-  

red t o  earlier.) However, the radionuclide leaching capabi l i t ies  o f  the high-pressure and 

high-temperature water vapor ex is t ing i n  t h i s  region would have t o  be characterized. 

Finally, a f t e r  the waste-rock matrix had cooled and so l id l f ied,  it must be assumed that  

water would reenter the matrix and leach a t  least  some o f  the radionuclides out o f  the matrix 

volune. Leaching potential a t  elevated pressure and temperature would have t o  be determined. 

As the radionuclides were transported t o  the r e l a t i v e l y  cool rock away froin the repository, 

ex is t ing data on radionuclide transport I n  rock should be applicable (K le t t  1974, Burkhofder 

e t  a l e  1977, de Marsi ly e t  a1. 1977, Pines 1978, EPA 1978). It i s  possible tha t  leaching 
data on other waste fonns could also be useful (Brownell e t  al. 1974, Ralkova and Said1 1967, 

Schneider 1971b, Mendel and *El  roy 1972, Lynch 1975, and Be1 1 1971). 
1 

E f fect  o f  Superheated blater on Glasses i n  Rock Melting. Data fran recent investigations 

o f  the  dev i t r i f i ca t i on  o f  glass by water a t  high pressure and temperature (McCarthy e t  al. 

1978 and McCarthy 1977) could be useful i n  determining the ava i l ab i l i t y  o f  radionuclides t o  

water f ran v i t r i f i e d  rock present i n  the resol i d i f i e d  waste-rock matrix. However, the appli- 

c a b i l i t y  o f  the conditions under which these data were obtained t o  the rock melt concept 

would have t o  be eitablished. 

Safety Studies: Disposal o f  HLW wi th  Rock Melting. During the  cav i t y  charging port ion 

o f  the presealing phase, HLW i n  such forms as solutions o r  s lu r r ies  would be d i r e c t l y  in t ro-  

duced i n to  the reposi tory cavity. The various operations tha t  m u l d  be Involved i n  carry ing 

out t h i s  phase o f  the process are not as unique as the postsealing phase. Consequently, the 

probabi l i t ies  f o r  the release o f  rad ioac t i v i t y  t o  the  e n v i m e n t  can be estimated f o r  each 

step o f  t h i s  phase. This can be done both f o r  normal operation and f o r  assorted accident 

scenarios. I n  general, su f f i c i en t  data ex is t  t o  prepare a r i s k  analysis f o r  t h i s  phase of 

the  rock melt concept. 

After cooling o f  the waste-rock matrix t o  the point  A e r e  water could contact the waste,, 

i t  may be ass'med f o r  purposes o f  modeling t ha t  the  waste dissolves,-and transport through 

the surrounding rock i s  in i t ia ted.  Calculations f o r  r i s k  analysis o f  t h i s  postsealing phase 



are identical with those used f o r  the r i sk  analysis o f  other geologic waste disposal concepts 

with the exception o f  possible bulk migration o f  the molten mass during the interim phase 

between cavity seal ing and sol idi f icat ion. 

Ground Water Migration and Rock Melting. While a molten or  hightemperature rock mass 
would disrupt natural patterns o f  water movement i n  the v i c i n i t y  o f  a repository, the rela- 

t i v e  effect would diminish with distance, un t i l ,  a t  same point, the repository would have no 

appreciable ef fect  on water transport o f  radioactive materials. Presunably , i f  the hydro1 ogy 
o f  the repository area were we1 1 characterized, f t s  effects could be modeled by treat ing i t 

as a roughly spherical barr ier  with a radius that  shrinks as the wasterock matrix cools. 

Preliminary mrk on a laboratory scale and a t  atmospheric pressure indicates tha t  t h i s  "ther- 
mal barrierU ef fect  (Taylor 1977) could be demonstrated experimentally; however, additional 

uork tha t  more closely simulates conditions expected a t  the repository depth would be 
required. 

Techno1 ogi cal I ssues 

The technological issues that would require resolution before i n i t i a t i o n  o f  the r k k  

me1 t i ng  concept can be sunmarized as follows : 

8 The necessary geological information cannot be predicted with present know1 edge. 

8 Empirical data on the waste/rock interact ion and characteristics are lacking. 

8 No technical or engineering uork design o f  the required fac i l  i t i e s  has been attempted. 

It i s  not possible a t  t h i s  time to produce a design fo r  the rock me1 t repository because the 

necessary information i s  lacking. Data on the form and properties o f  the waste t o  be charged 

in to the cavity, the charging methodology, the properties o f  the host k k ,  and many techni- 
cal aspects o f  the shaft sinking method and cavi ty  construction technique would have t o  be 
resolved. For many o f  these operations, work could not begin un t i l  fundamental waste/rock 
properties are better known. 

In addition, the concept would require operations and process ac t iv i t ies  tha t  do not re- 

ad i l y  lend themselves to  the same degree o f  conservatism normal l y  util i red i n  the nuclear 

field.. Discussed below are several areas tha t  would require further sc ien t i f i c  or  technical 

work. , 

Cavity Design and Construction. The greatest problem might l i e  i n  the construction o f  
the cavity. Although, it i s  within the bounds of current technology t o  lower men and equ ip  

ment through a 2-m-diameter shaft and construct the required cavity, such operations are d i f -  

f i c u l t  and time consuning. Methods fo r  1 in ing the cavity may have t o  be developed. Further- 

more, i t  i s  pract ical ly impossible t o  construct the cavity without cracking the surrounding 

rock.. Since i t  may be necessary t o  maintain the waste inside the cavity fo r  sane years 

before rock melting i s  permitted t o  begin, i t  would be necessary t o  . ensure - that waste does 
not escape in to  the cracks and ult imately i n to  ground water. It may be d i f f i c u l t  t o  assure 



the necessary leaktightness o f  the mined out cavity. A l l  of  these areas would require tech-, 

nical  resolution before construction could begin. 

Cavity Charginq. Cavity charging methods would depend on many variables including: the 

radioact iv i ty  o f  the charge; whether the charge were l i q u i d  or  slurry; whether charging were 

batch o r  continuous; and whether charging were a long- ten or shor t - ten operation. The 

method01 ogy f o r  charging has not been defined or  optimized. Considering the heat o f  the 

waste, the depth o f  the cavity, and possible corrosion and material plate-out, considerable 

technical e f fo r t  would be required i n  t h i s  area. 

I n  addition, the ef fect  o f  a 2,000-m-long steam l i n e  on cavity charging would have t o  be 

determined. A vert ical  pipe o f  t h i s  length would act as a d i s t i l l a t i o n  colunn. Also, the en- 

gineering required t o  construct such a pipe (i.e., the 

ef fect  o f  bends, etc.) has not been perfonned. 

Shaft Sealing. There would be t w o  phases o f  shaft 
but before waste charging star ts  and sealing af ter  the 

me1 t i ng  begins. 

number and type o f  expansion joints,  

sealing: seal i ng a f t e r  construction 

waste i s  emplaced but before r o c k  

Sealing a f t e r  construction would be the easier o f  the two  operations because there would 

be suf f ic ient  time t o  check the work. However, sealing before rock melting begins would have 

t o  be done f a i r l y  quickly and i n  a potent ial ly contaminated enviroment. Radioactive contam 

inat ion and possible residual steam venting would present substantial problems i n  t ry ing  t o  

seal the shaft a f t e r  charging. Because o f  the nunber o f  pipes connecting the cavi ty  t o  the 

surface, t h i s  operation would require considerable ex per t i  se. Both the material s and methods 
required would need further study and experimentation. 

Volat i le  Fission Products. The quantities and behavior o f  the potent ial ly vo la t i l e  f i s -  

sion products would have t o  be determined. Nuclides i n  t h i s  category include 10311" and 

1 0 6 ~ ~ .  Equi pnent would have t o  be designed to  t rap and remove these products from the waste 

stream o r  to  return them i n  the coolant back t o  the cavity. Alternatively, they might be re- 

turned to  the processing fac i l i t y .  There might also be a 1 iquid and sol i d  carryover fran the  

steam, which would contaminate the condenser as well as increase the hazard from any poten- 

t i a l  leak. Practical technical considerations i n  t h i s  area would have t o  be examined before 

t h i s  concept could ever be considered viable. There i s  also a potential problem with tritium 

being carried wi th the steam. 

C r i t i c a l i t y  Potential. Because 99.5 percent o f  the urani un and pl utoniun would have been 

separated fran the spent fuel during reprocessing, the potential f o r  c r i t i c a l i t y  i n  the HLW 

i s  small. If experimental and modeling results indicated tha t  c r i t i c a l i t y  might be attained 

a t  some point i n  one o f  the rock melt concept scenarios, and i f  the results o f  such an excur- 

sion were undesirable fran ei ther an engineering or  a safety standpoint, additional work 

would have to be carried out t o  develop methods o f  mitigation, possibly involving the addi- 

t i o n  o f  a high neutron cross section "poison" t o  the HLW as i t  i s  empiaced i n  the repository. 

It would be necessary f o r  the "poison" t o  remain dispersed i n  the proper place upon cooling. 



Fracturing During Cooling. During melting, the waste-rock mass would be expected t o  ex- 
pand about 13 percent. During subsequent cooling and contraction, f ractur ing would have t o  

be expected i n  the rock zone that  surrounds the molten area. Further work would be required 

t o  establ ish tha t  the rock melting concept could provide contairment o f  the waste charge 

under u p l i f t  and subsidence conditions. 

Chemical and Physical Ef fects  on Surrounding Rock During Rock Heltinq. While the rock 

melt ing process can be described with same precision (Piwinskii  1967, Luth e t  al. 1964, Wyl- 

l i e  1971a, and I f y l l i e  1971b), the e f fec t  o f  a large thermal gradient on various types o f  rock 

has apparently not been s im i la r l y  investigated (Executive O f f  i ce  o f  the President 1978). 

A1 though i n  some rocks, the predicted thermal e f fects  o f  a molten mass o f  HLW/rock .extend 

over r e l a t i ve l y  short distances, the extreme thermal gradient would c lear l y  produce chemical 

and physical effects i n  the rock (Jenks 1977, National Academy o f  Sciences 1978). These ef- 

fects would have t o  be characterized so that  the  rock mechanics o f  rock melt  disposal could 

be adequately modeled and any possible intermediate o r  long-range ef fects  iden t i f i ed  and 

characterized. It would be necessary t o  car ry  out measurements over a range o f  pressures up 

t o  the maximun contemplated l i t hos ta t i c  pressure f o r  a waste disposal cavity. 

In teract ion o f  HLW wi th  Rock. A t  the present time, i t  i s  not c lear uhether the possible 

chemical reactions between the ~ ~ W ' s o l u t i o n  and the  rock cav i t y  walls are important t o  the  

rock melt concept. However, i t  i s  c lear l y  desirable to  know how and t o  what extent such re- 
actions take place, and t o  predict what the ult imate ef fect  o f  25 years o f  waste solution ad- 

d i t i o n  would be. With tha t  information, potential problems could be ident i f ied,  and mit igat-  

ing measures could be hesigned and tested. 

Af ter  addit ion o f  HLW t o  the cav i ty  were stopped and rock melting begun, i t  i s  not known 

how rap id ly  and canpletely the HLW would mix with the molten rock. Because r e l a t i v e l y  can- 
p le te  mixing o f  the HtW wl th  the rock appears desirable ( t o  ensure complete dissolut ion o f  

the HLW i n  the rock and subsequent immobilization upon reso l i d i f i ca t i on  o f  the matrix), i t  

might be necessary t o  design' the HLW rock melt 'disposal f a c i l i t y  t o  minimize the  v iscos i ty  o f  

the molten rock. 

Properties o f  Resol id i f ied Waste-Rock Matrix. Even i f  it i s  assuned t ha t  the HLW i s  cun- 
p le te ly  mixed with the molten rock, i t  i s  not known whether same o f  t he  radioactive species 

i n  the HLW might segregate during the 1 ong cool ing process t o  form re1 a t i  ve ly  concentrated 

(and possibly, r e l a t i ve l y  soluble) inclusions i n  the reso l id i f i ed  waste-rock matr ix (Hess 

1960). It i s  possible that  the addit ion o f  cer ta in  chemicals ( a t  the time t ha t  HLW i s  em- 
placed) could prevent such segregation, decrease the s o l u b i l i t y  o f  sane o r  a l l  of the long- 

1 ived radionuclfdes, o r  both. 

R&D Requirements 

Resolving these many uncertainties would require an extensive R&D program, such as t h a t  - 
described below. 



Data Base Development. Development o f  an adequate data base would require the concep 

t ua l  design o f  one o r  more rock'melt respositories. Fran these design bases, s ign i f i can t  en- 

gineering features and c r i t i c a l  geologic parameters could be ident i f ied.  Similarly, the re- 

levant properties o f  the  geologic media would have t o  be understood i n  the context o f  the  

rock melt concept. Also, properties o f  materials i n  the waste handling systems would have t o  

be iden t i f i ed  and evaluated t o  determine the a b i l i t y  o f  these materials t o  function i n  

hos t i l e  envirorments. 

Laboratory-Scale Studies, To develop an understanding o f  rock melt mechanisms, exten- 

sive scale studies would need t o  be conducted. Specif ic area$ o f  study should include: 

r Heat t ransfer and phase-change phenanena f o r  various geologic media 

r Waste/rock interactions, part i cu l  a r l  y a t  e l  evated temperatures 

a Properties o f  the resol i d i f i e d  waste-rock matrix 

Properties o f  engineering mater ials and t h e i r  a b i l i t y  t o  function i n  the predicted 
environnents 

r Studies o f  actual small scale rock melt systems i n  laboratory hot c e l l s  

r Studies on the potential effects o f  c r i t i c a l i t y  accidents, 

Model Development. Better understanding o f  rock me1 t interactions could be gained by ap- 

ply ing the  data base t o  development o f  a predict ive model covering heat t ransfer and re la ted 

phenomena. The model could then be used f o r  sens i t i v i t y  analyses t o  determine the re l a t i ve  
importance o f  various parameters and where research and development e f f o r t  might best be a p  

pl led. 

S i t e  Selection me tho do log^. Fran the systems modeling and other research tasks, i t  would 

be possible t o  i den t i f y  those techno1 ogical factors tha t  would have t o  be considered i n  s i t e  

selection. When s i t e  selection factors had been iden t i f i ed  and evaluated, an optimal s i t e  

p r o f i l e  could be determined t o  guide the selection process. Currently there i s  no methodo- 
logy f o r  locat ing a site, 

Instrument Monitoring Techniques. Instrumentation f o r  monitoring s i t e  selection and 

operational and postoperational phases o f  rock melt  disposal would have t o  be iden t i f i ed  and 

techniques f o r  i t s  use developed. 

Thermal Analysis and Rock Mechanics. The ef fects  o f  the me1 t i ng  cycle on the i n teg r i t y  

o f  geologic formations would need t o  be thoroughly studied. Such ef fects  as thermal expan- 

sion and contraction, phase change, and hydrologic change before and a f t e r  emplacement would 

have t o  be assessed, 

Pi lot-Plant Studies. Laboratory and modeling studies should be canplemented by a small- 

scale p i lo t -p lant  study involving actual enplacement o f  nuclear waste i n  rock. Such a study 

would be necessary t o  val idate predict ive methods and t o  assure t h a t n o  v i t a l  factors had 

been over1 ooked p r i o r  t o  fu l l -scal  e implementation o f  the concept. 



Implementation Time and Estimated R K I  Costs . . 

I n  view o f  tk signif icant technical uncertainties remaining, i t  i s  not possible t o  

predict a cost estimate o f  the required R&D t o  imp1 ement t h i s  concept, nor the mount o f  time 

i t  would take. ' 

Summary 

Major uncertainties, shortcmings, and advantages o f  the concept are sunmarized below: 

There i s  not a mu l t i p l i c i t y  o f  engineered barriers 'inherent t o  the concept. 

The temperature, chemistry, and other characteristics o f  the rnol ten waste-rock mixture 
are not considered consi'stent with technical conservati sn. 

The required character1 s t i cs  o f  a s i t e  are not known, and c r i t e r i a  fo r  selection are 
considered extremely d i f f i c u l t  t o  derive. 

The concept cannot be implemented i n  a stepwise, technical ly conservative manner due t o  
the scale required fo r  demonstration. 

Performance assessment capabi l i ty i s  perhaps most distant for  t h i s  concept than fo r  any 
other. . . 

Retr ievabi l i ty o f  the waste i s  considered t o  be unlfkely, so that  corrective action 
cannot be accanpl i shed. 

The time required fo r  monf t o r i  ng pr ior  t o  f u l l  sol fdf f i ca t ion  (defined as the opera- 
t ional period of up to  1,000 years fo r  t h i s  concept) exceeds the 1 ike ly  acceptable 1 i fe  
for  inst i tu t ional  controls. 

The primary postulated advantage relates t o  the poss ib i l i t y  tha t  the so l id i f ied  waste 
form might be more stable than other possible forms. 

Lower mining requirements campared t o  a mined geologic repository may be a secondary 
advantage. 

6.1 -2.4 Impacts o f  Construction and Operation  r re ern placement) 

.Potential enviromental impacts o f  a rock melt reposttory would be similar i n  many re- 

spects t o  those o f  a mined geologic repository. Both would require surface and subsurface 
ac t iv i t ies  tha t  lead t o  enviromental impacts. I b i s  impact analysis focuses on unique 

aspects o f  the rock me1 t concept, and refers t o  d l  scussions on mined geologic emplacement i n  
Section 5.4 as appropriate. 

Health Impacts 

Health studies related t o  the rock melt concept f o r  the disposal of HW can be divided 

in to two phases: the presealing phase, which includes waste transportation and active oper- 
at ion o f  the waste disposal f ac i l i t y ,  and the postsealing phase, which includes the melting 
and resol i d i f i ca t i on  of the HLUf rock -matrix and i t s  long-term effects. I n  the following 

discussion, radiological and nonradiological concerns f o r  the f i r s t  phase are covered 

separately. - 



Radiological Impacts. During preseal ing operations, waste i n  solution or s l  urry f o n  

would be introduced d i rec t ly  i n to  the reposi to ry  cavity. Various operations i n  t h i s  charging 

phase could lead t o  release o f  radioactive material in to  the e n v i m m ~ t .  

Under normal operating conditions, the casing i n  the emplacement well should prevent con- 

tac t  o f  radioactive waste with any aquifers tha t  would overl ie the disposal cavity. During 

waste charging, however, i t  would be possible that sane radioact iv i ty  could migrate out o f  

the cavity and in to  the surrounding rock. This possib i l i ty  would be reduced i f  the cavity 

were maintained approximately a t  atmospheric pressure. Under these conditions, the tendency 

o f  water under hydrostatic pressure t o  R o w  in to  the cavity would minimize the importance of 

t h i s  transport mechanism. ~evetkheless, it would be possible for  radioactive material t o  

reach man through such migration in to the surrounding rock and onto the biosphere. 

Operational impacts would vary somehat, depending on which version o f  the rock me1 t i ng  

concept i s  considered. I f  l i q u i d  HLW were emplaced d i rec t l y  into a cavity fran the proces- 

sing fac i l i t y ,  there would be no impacts due t o  transportation o f  the waste. If sol id  waste 
were slurr ied in to  the repository,, impacts of waste transportation fran the reprocessing 

plant to  the repository would have t o  be considered. However, such transportation would have 

no different enviromental effects than would the shipping o f  such wastes t o  any other type 

o f  repository. 

Treatment o f  HLLW pr io r  t o  emplacement might be required to  enhance the canpat ib i l i ty  o f  

the l i qu id  with the rock i n  which the cavity would be located. This additional treatment 

step would increase the probabil i t y  o f  occupational and population exposures t o  radiation. 

Hand1 ing and treatment of so l id i f ied HLW would also increase the probabi l i ty o f  radiation ex- 

posure; r i s k  analysis would take in to account the deta i ls  of the required handling and treat- 

ment procedures. 

A sunmary o f  potential radiological health impacts was prepared f o r  the rock melting con- 

cept (Bechtel 1979a). This study projected the short-term occu~ational impacts for  a single 

rock melting cavity, which are presented i n  Table 6.1.8. For a 5,000 MTM/yr throughput, i t  

i s  estimated tha t  three rock melting cavit ies would be required and that the impacts would be 

l inear  (Bechtel 1979a). Occupational impacts pr io r  t o  the waste reaching the repository, 

llonoccupational impacts, and impacts fran abnormal conditions were a1 so postulated i n  th is '  

study. For t h i s  analysis, the consequence o f  impacts under abnormal conditions was found to  
be canparable to, or s l  igh t ly  less than, those of the other options. This study, however, d id  

not include any probabil i t y  analysis and consequently t o ta l  radio1 ogical impacts under 
abnormal conditions have not been quantitatively determined. 

Nonradiol ogical Impacts. The underground portion of rock me1 t r e  p s i  tor iss would proba- 

b l y  be constructed using conventional mining and d r i l l i n g  techniques. Health impacts would 

be those typical o f  any analogous construction project, and would be sanewhat dependent on 

the method chosen (whether the cavity were created by mining, underreaning, explosive spring- 

ing, etc.). 



TABLE 6.1 -8. Occupational Dose Estimate During Normal Operation 
At a Single Rock Melting Cavity 

Process Unit  
Who1 e-Body Dose, 

man-remlyr 

Val ve Gal l e r y  120 

Offgas Recovery 110 

Maintenance 50 

D e c m i  ssioning 30 

SupportIOverhead 4 0 

Total 350 

Impacts f ran surface construction would be typ ica l  o f  those associated wi th  the  c o w  

s t ruc t ion  o f  'any chemical processing plant. Also, impacts s imi lar  to those f o r  the mined 

geologic repository and discussed i n  Section 5.4 would be expected f o r  t h i s  option. 

Natural System Impacts 

The e f fec ts  o f  rock melt ing on ground-water migration and transport o f  rad ioac t i v i t y  i n  

the  surrounding rock and the possible modeling o f  these e f fec ts  are discussed i n  Section ' . 

6.1.2.3. This analysis suggests tha t  heat f ran  the wastes should not a f fec t  the thermal re- 
gime near the surface. 

The principal impacts on natural systems associated wi th  HLW disposal are considered t o  

be those normally encountered i n  underground d r i l l i n g  and construction act iv i t ies .  Construc- 

t i o n  impacts could be estimated re l a t i ve  to those fran conventional reposi tor ies on the 

basis o f  the amount o f  excavation required. 

Such topics as disposal o f  mined spoi l ,  emissions f ran  machinery used i n  construction, 

and prevention o f  water po l lu t ion  from mud p i t  overflow could best be analyzed f o r  a speci- 

f i c  site. General impacts, however, would be s imi lar  t o  those discussed i n  Section 5.4. 

Because o f  the lack o f  formal studies, the e f f ec t s  o f  t he  me1 t i ng cycle on the i n t e g r i t y  

o f  the geologic formation would need t o  be thoroughly studied. Effects such as thermal ex- 
pansion and contraction, phase change, and hydrologic change during pre- and postemplacement 

envirorments would have to be assessed. These e f fec ts  could be signif icant, but present data 

are insu f f i c ien t  t o  draw meaningful conclusions. 

Socioeconomic Effects 

Overall, the potential socioeconunic impact o f  a rock mel t  reposi tory i s  rated as minor 

(Bechtel 1979a). Thi s c o w l  usion i s  reached, i n  part, because only a-moderate sized work 

force (between 2,000 and 3,000 people) would be required f o r  successful operation. Land re-  

quirements would be less than f o r  any o f  the other disposal a l ternat ives studied (Bechtel 



1979a). I n  addition, with col ocation of three rock me1 t i ng  cavi t i e s  -and three reprocessf ng 

f a c i l i t i e s  a t  each site, only two f a c i l i t y  s i t e  locations would be required. The resultant 
f iscal  impact on ccmnunity f ac i l i t i es  would therefore be re la t i ve ly  small, 

Although rock me1 t might have the least socfoeconafc impact o f  any o f  the a1 ternatives, 
i t i s  impossible to  f u l l y  address the nature and extent o f  impacts a t  the generic level. 
This i s  par t icu lar ly  true when analyzing the socioeconanic impact o f  constructfon activity-a 

detailed estimate o f  the construction work force has not been canpleted. Nevertheless, it i s  
reasonable t o  conclude that socioeconanic impacts would be simi lar to, and generally s l  i gh t l y  

less than, those described i n  Section 5.6 f o r  the mined geologfc repository. A cautioning 
note, however, i s that  col ocation o f  f a c i l i t i e s  could lead t o  a concentration o f  Impacts. 

Aesthetic Effects 

Fac i l i t ies  associated with a rock melt reposftory would have an aesthetic impact. The 
extent o f  t h i s  impact would depend on characteristics a t  the s i t e  and would re f lec t  the fact  

tha t  optimal engineering design would be necessary f o r  d i f ferent  forms o f  HLH. Fac i l i t y  de- 
sign would be a function o f  the physical and chemical fotm o f  the HLW. 

The extent o f  surface construction would depend on the rock melting concept version f o r  
which the reposftory was being designed; where HLV solutions were being d i rec t l y  emplaced, 

the ent i re reprocessing plant would be located close to the repository. Where waste s lurr ies 
were emplaced, only a. re la t i ve ly  simple surface ins ta l la t ion  would be required t o  condense 

steam, add makeup water, provide for s lurry  mixing, etc. Aesthetic impacts would re f lec t  

f ina l  f a c i l i t y  design, with larger f a c i l i t i e s  generally having greater impacts. Overall, 
aesthetic impacts would be similar to  those described f o r  a mined geologfc reposftory, as 

presented i n  Section 5.6, with minor exceptions. 

Fac i l i t ies  that would be d i f ferent  fran those i n  the mined geologic repository include 

the type o f  cooling towers and t a l l  d r i l l  r i gs  used i n  excavating the rock cavities. I n  ad- 

dit ion, although .a 100-mhigh stack would be required fo r  a processing fac i l i t y ,  i t s  loca- 
t i o n  on the same s i t e  as the repository would reduce overall aesthetic impacts. Other aes- 
the t ic  impacts, such as noise and odor, have not been ident i f ied as a problem with rock melt. 

~esource' Consumption 

Energy uould be required t o  construct and operate a rock melt disposal system. In& 

t f a l l y ,  energy would be consumed i n  transportation and construction act iv i t ies. I n  the 

operational phase, waste preparation, transportation, and emplacement ac t i v i t i es  would 
consune energy. Quantitative estfmates o f  energy consunption fo r  the cons t rk t ion  and 

40 year operation o f  a 5,000 MTMIyr system have been prepared (Bechtel 1979a). These 
estfmates are presented i n Tab1 e 6.1.9. 

Consunption o f  other c r i t i c a l  materials has not been ident i f ied as an important factor 

i n  evaluating the merits o f  the rock me1 t concept. D r i l l i n g  act iv i t ies, as well as con- 
struct ion o f  the fac i l i t ies ,  would requi r e  steel, cement, and other construction materi als 
t yp i ca l l y  associated with a major f a c i l  fty. Estimates o f  these requirements are presented 



TABLE 6.1.9. Estimated Energy Consunption (Bechtel 1979a) 

Propane, -d 1.0 x 106 
Diesel, m3 1.5 x l o6  
Gas01 ine, m3 1.5 x 105 
Electr ic i ty,  k M  5.7 x ldl" 

i n  Table 6.1.10 (Bechtel 1979a). No scarce o r  otherwise c r i t i c a l  material has been , 

ident i f ied as being important fo r  t h i s  option. 

As noted, the reference concept c a l l  s f o r  each rock me1 t i ng  repository s i t e  t o  support 

three 6,000 $ cavit ies about 2,000'm below the surface (Bechtel 1979a). Each s i t e  would 
be able t o  accamnodate waste fran 5,000 MTHM/yr f o r  25 years. Construction o f  these f a c i l i -  

t ies  would disturb 1,100 hectares (2,720 acres) o f  land and would require a restr icted land 

area o f  4,000 hectares (9,880 acres) (Bechtel 1979a). Most o f  the land disturbed would be 

required fo r  procbssing, encapsulation, and other surface fac i l i t ies .  

International and Domestic Legal and I n s t i  t u t f  onal Considerations 

The rock melting concept would have re la t i ve ly  few international implications because 

waste transportation activities would occur i n  the U.S. and enplacement would be achieved 

well out o f  range o f  the biosphere. There are, houever, important domestic legal and 

inst i tu t ional  considerations that  would need t o  be resolved. For example, as noted i n  
Section 6.1.2.2, ret r ieval  o f  wastes, &en before empl acment ac t iv i  t Ies were complete, 

would be very d i f f i cu l t .  The hot nature o f  the wastes and the type o f  waste packaging that  
would be employed would influence the ease with which the waste material could be withdrawn. 

Retrieval af ter  the cavity was sealed and the waste was I n  a molten form would be 
impossible. Legal and regulatory imp1 ications o f  these rest r ic t ions on ret r ieval  m u l d  have 
t o  be resolved. 

Selection o f  the rock melting concept would also af fect  certain decisions regarding 
interim storage. If waste fran the uran imon ly  recycle, or the uraniun and p lutonim re- 
cycle were stored, i t  would be necessary t o  specify the form o f  waste storage that would 

have the least envirormental and econanic impact. Although f t  i s  possible that  the waste 

TABLE 6.1 .lo. Estimated Material Consumption (Metric Tons) 

Carbon steel 
Stainless steel 
Components 

Chrani urn 
~i c kef 
Tungsten 

Copper 
Lead , 

zinc 
A1 uninum 



would be stored as a 1 iquid, i t  i s  more probable t ha t  i t  would be so l i d i f i ed  (calcined o r  
v i  tri f ied) i f  an extended storage period were envisaged. 

6 .I .2 .5 Potenti a1 Impacts Over the Long Term (Postemplacement1 

A1 though reposi tory-related human a c t i v i t y  would be minimal once emplacement and 

repository decamnission ac t i v i t i es  were canplete, impacts could occur because o f  the pos- 
s i b l e  mob i l i t y  o f  the  molten waste material i n  the  geologic enviroment. Potential events 

and impacts are described be1 ow. 

Potent ia l  Events , 

For r i s k  analysis purposes, the postemplacement phase o f  the concept i s  treated i n  a 

manner s imi lar  t o  other geologic disposal al ternat ives (4ee Section 5.6). As noted ear l ier ,  

a f t e r  the waste-rock matrix cooled t o  the point where l i q u f d  water could contact the waste, 
i t  i s  assuned t ha t  the waste would dissolve, and transport through the surrounding rock 

would be in i t ia ted.  Clearly, the  degree o f  r i s k  calculated on t h i s  basis would be strongly 
s i t e  specif ic, and would depend on factors such as the depth o f  the  repository, presence and 
locat ion o f  aquifers, water quality, and sorptive properties o f  the rock. 

Possible pretreatment o f  the wastes t o  minfmize potent ia l  adverse postemplacenent 
ef fects would depend on the waste fonn as well as the  geologic media characterist ics. 

Potent ia l  Impacts 

Basically, the enviromental considerations involved i n  evaluating the  long-term impact 

o f  rock melting are how much of the rad ioact iv i ty  i n  the repository would reach the 
biosphere, when it would get there, and what i t s  effects would be. 

The heat ba r r i e r  e f f ec t  i s  discussed i n  Section 6.1.2.3. Following t o ta l  r e s o l i d i f i -  
cat ion (1000 years), when the heat bar r ie r  no longer existed, most f i s s i on  products would 

. have decayed t o  innocuous levels. The t o x i c i t y  o f  the  residual radionucl ides i n  the resol i- 
d i f i e d  waste-rock matrix a t  tha t  time should be s ign i f icant ly  less  than t ha t  o f  a typ ica l  
uranium ore body f ran which the nuclear fuel  was o r i g i na l l y  extracted. 

, Mixing o f  the HLtl with the mot ten rock, as well as the physfcal and chemical properties 
o f  the cooled and reso l id i f i ed  waste-rock matrix, would determine the ra te  a t  which radio- 

act ive species could be leached and transported by ground water. It might be possible t o  
design some mi t igat ing measures t o  s ign i f i can t l y  re tard leaching rates o f  a l l  o r  some o f  the 

radioactive species present. 

It i s  possible t h a t  the heat bar r ie r  e f fec t  would re tard the  s ta r t  o f  e f fect ive leaching 

o f  rad ioac t i v i t y  u n t i l  radioactive decay had essent ia l ly eliminated the f i  ssion products as 

s ign i f icant  health hazards; thus, i t  might be necessary t o  consider only the TRU products. 

Transportation o f  rad ioact iv i ty  by ground water would have t o  be evaluated on a si te- 
speci f ic basis, although d i f fe ren t  scenarios could be postulated t o  obtain order-of- 
magnitude estimates o f  the time required f o r  rad ia t ion t o  appear i n  the biosphere and o f  the 

concentrations o f  radioactive species t ha t  would be present i n  the water. I n  modeling the 



rad ioac t i v i t y  transport, movment o f  water would be considered as taking place both through 
permeable rock and by means o f  j o i n t s  and cracks i n  low-permeabil i t y  rock (Heckman 1978). 
The impacts o f  a ground-water breach o f  a rock melt reposi tory are expected t o  be sfmflar t o  
those tha t  would resu l t  i f  a mined geologic repository were breached by ground water 
(Bechtel 1979a). 

6.1.2.6 Cost Analysis 

Cost estimates f o r  the rock melt concept do n i t  have the benef i t  o f  a reference concep- 
t ua l  design, nor o f  previous cost estimates f o r  s imi lar  types o f  f ac i l i t i e s .  Therefore, 

these cost estimates are only approximate. They are based on the reference concept disposal 
of HLW from 5,000 MTHM/yr, f o r  25 years, requir ing three cavit ies. 

A l l  cost estimates are i n  1978 do l la rs  based on January 1979 
1979a) less 10 percent. 

Capital Costs 

The capi tal  cost o f  a rock melt reposi tory wi th  an operating 
estimated a t  $560 mfl l ion.  

Operati ng Costs 

An allowance o f  2 percent o f  the capi ta l  cost i s  assumed f o r  
which canes t o  $11 m i l l i o n  a year. 

Decommi ssioning Costs 

do l l a r  estimates (Bechtel 

1 i fetime o f  25 years I s  

the annual operating cost, 

The to ta l  decanmissioning cost f o r  the three-cavity rock melting concept i s  estimated a t  
$21 m i l l  ion. I n  t h i s  estimate, f i n a l  shaft sealing i s  treated as a decmiss ion ing  cost 
w i th  an a1 lowance o f  $2 m i l  l i o n  per cavity. 

6 .I -2.7 Safeguard Requirements 

Because o f  the res t r i c t ions  concernfng the transportatfon o f  radioactive l iquids,  the 
fuel  reprocessing plant would have t o  be colocated wi th  the rock me1 t repository. There- 
fore, access ib i l i ty  t o  .sensit ive materials would be extremely 1 imited wi th  1 iqu id  emplace- 
ment. If the waste were t o  be placed i n  a so l id  form (e.g., pellets), which could be 
empl aced i n  the subsurface cav i t y  as a slurry, the fue l  reprocessing plant could be located 
o f f  s i t e  but transportation related safeguards would then be required. The subsurface 
cav i ty  w u l d  increase the d i f f i c u l t y  o f  diversion and the  l i q u i d  o r  s lu r ry  waste 

form would canplicate the transportation and handling problems f o r  potential diversion. 
However unlikely, re t r ieva l  by d r i l l i n g  and pmping i s  possible. This kould e v e n t u ~ l l y  need 
t o  be considered f o r  rock me1 t repository safeguards. Material accountabil i t y  would be 
enhanced by ease of sampling and measurement, but  gross accountabil i ty (i.e., gallons vs. 
canisters) would be s l  l g h t l y  more d i f f i c u l t  than f o r  the mined geologfc repository concept. 
For addit ional d i  scussion of predisposal operation safeguards see Section 4.10. 



6.1.3 Island Disposal 

6.1.3.1' Concept Summary 

Is1 and-based disposal would involve the empl acement o f  wastes within deep, stable, geo- 
logical fonations, much as i n  the conventional mined geologic disposal concept discussed i n  

Chapter 5 wi th an over-water transportation route added. The island would provide port  

f ac i l  i t ies ,  access terminals, and a remote repository location with possibly advantageous 

hydrogeological conditions. An island d i  sposal faci l  Sty could a1 so provide an international 
reposltory i f  the necessary agreements could be obtained. 

The island disposal concept has been referred t o  as an "alternate geologic approachu 

(Deutch 1978) i n  rhich the geology (1.e.. rock, sediments) provides the primary barr ier  be- 
tween the nuclear wastes and the biosphere and the ocean may provide an additional barrier, 

depending on the repository locat ion and the hydro lo~ical  system existing on the island. 

The status of the concept i s  uncertain. The U. S. Department o f  Energy Task Force Draft 
Report (Deutch 1978) stated tha t  "The Department of Energy has no program to  act ively inves- 

t iga te  the concept. Suggestions for assessment of the concept have been made fran time to  
time by groups considering international aspects o f  radioactive waste repositories. However, 
a consensus f o r  the need o f  such repositories has not developed." 

On the other hand, the s ix th  report o f  the U. K. Royal Cammission on Environental Pol- 

l ution (Flowers 1976) referred to  island locations when considering hard rock si tes fo r  a 
geologic fac i l i t y .  I n  t h i s  report, i t  was stated that "A deep disposal f a c i l i t y  on a small 
uninhabited island would be par t icu lar ly  advantageous if one were chosen which was separated 

hydrogeological l y  frm the main1 and. Any leakage of radioact iv i ty  i n to  the is1 and's ground 
water would be easi ly  detected and i n  tha t  event the d i l u t i on  o f  seawater would provide a 
further l i n e  o f  defense." 

No detailed studies o f  the island concept are currently available; therefore, i t s  basic 

elements are based on simpl i f ied modification and adaptations o f  conventional mined geologic 

disposal as discussed i n  Chapter 5. Since the geology of most islands i s  crysta l l ine rock, 

i t  i s  the assmed disposal formation. Elements o f  other schemes (e.g., subseabed disposal, 

Section 6.1.4) have been incorporated and/or referenced h e r e  appropriate. If more detailed 
assessments are required i n  the future, conceptual design studies would have t o  be performed 

t o  provide a re l iab le  basis f o r  analysis. 

6.1.3.2 System and Faci l  i t y  Description 

System Options 

The reference concept f o r  the i n i t i a l  i stand disposal o f  nuclear waste has been devel- 
oped fra a number o f  options available a t  each step frm the reactor t o  disposal i n  the is- 

land geology. - 



Various options t o  be considered f o r  island disposal are sunmarized i n  Figure 6.1.7, w i t h  

options f o r  the reference concept designated. Detai ls on the bases f o r  selecting reference 

concept options are covered i n  various docunents l i s t e d  i n  Appendix. M. 

Because system options f o r  island waste disposal beginning ui t h  the reactor and including 

steps up t o  the transportation requirements are simi lar t o  those f o r  mined geologic reposi- 
tor ies,  the options selected f o r  the reference design are s imi lar  f o r  the two concepts. From 
tha t  point on, the selected options are based on current program docmentation. 

Waste-Type Cornpati b i l  i ty 

An is land repository could handle a l l  wastes fran the uraniun and plutoniun recycle case, 

and from the once-through cycle. 

Waste-System Description 

The reference island repository design i s  based on the concept discussed i n  Section 

6.1.3.1 and the waste disposal cycle options fdent i f ied above. The fue l  cycle and process 
f low f o r  the reference concept are shown i n  Figure 6.1.8. The reference system assmes the 

transport o f  a l l  spent fuel, HLGO and transuranic wastes t o  the is land sites. 

The waste fonns and emplacement concept o f  canistered waste f o r  is land disposal w u l d  be 
the same as those f o r  conventional mined geologic disposal discussed i n  Chapter 5, 

Predisposal Treatment and Packaging. The p-edisposal treatment o f  waste f o r  the island 

disposal concept would be ident ical  i n  most respects t o  the predisposal treatment o f  waste 

f o r  m i n d  geologic repositories. Chapter 4 discusses the predisposal systems f o r  both spent 

fuel and HLGO conmon t o  a l l  o f  the disposal concept alternatives. 
1 

Geologic Environments. The geohydrologic regime o f  an island, as diagramed i n  Figure 
6.1.9, cunpri ses a self-contained freshwater fl ow system ( c a l l  ed the freshwater lens because 
o f  i t s  general shape), f l oa t ing  on a sea-fed, saline ground-water base. There are two pos- 
s i b l e  locations f o r  the repository--in the lens o f  freshwater c i r cu la t i on  and i n  the deep, 
near-static saline ground water - shown as A and B i n  the figure. 

Geographical l y  , three classes o f  i s l  and have been ident i f ied:  

Continental Islands - located on the  continental shelves and including igneous, metamor- 
phic, and sedimentary rock types 

Oceanic Islands - located i n  ocean basins and pr imar i ly  o f  basal t ic rock o f  volcanfc 

o r i g i n  

Island Arcs - located a t  margins 'of oceanic "platesn, pr imar i ly  o f  tectonic or ig in,  and 

frequently act ive w i th  andesitic lavas. - 
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FIGURE 6.1.9. Hydrological Classi f icat ion of Repository Locations 

A1 1 three classes exhib i t  the classical  is1 and geohydrology described above, as modified by 

loca l  geology and geographic setting. There are fu r ther  discussions o f  the geology and 

hydrology o f  typical  islands i n  DOE (l979), Todd (1959), Bott  ( l W l ) ,  and Bayley and 

Muehl berger (1968). 

Transportation Features. The i sl  and concept would incorporate the same basic procedure 
f o r  transpartation and handling as mined geological disposal. O f  course, addit ional trans- 
portation f ran  the mainland port  t o  the is land and addit ional receiving and handling f ac i l -  

i t i e s  would be required. Transportation fran the fuel reprocessing plant t o  the disposal 
s i t e  would be accanplished i n  three stages. The f i r s t  stage would consist o f  t ruck o r  r a i l  

transport t o  a mainland port. Waste would be carried i n  transport casks t ha t  would cool the 
wastes and provide rad ia t ion shielding. (See Chaper 4 f o r  a discussion o f  t h i s  procedure.) 

The second transport stage would be by ship t o  the island port. The subseabed disposal 
option (Section 6.1.4) de ta i l s  the  operational features o f  t h i s  transportation phase. The 

casks would be cooled by e i ther  a closed-circulation water system, f i t  tered forced-air sys- 
tem, o r  heat exchangers cooled by. seawater. The coolant would be continuously monitored f o r  

rad ia t ion and temperature changes. Ship construction would provide f o r  addit ional cooling. 
The ships could also include a shielded c e l l  f a c i l i t y  for examination o f  the casks. 

The receiving port  a t  the is land would have the same features as the embarkation por t  de- 

scribed i n  Section 6.1.4. It could have a f a c i l i t y  for temporary waste storage and transfer 

o f  the waste t o  special ly designed transportation casks f o r  f ina l  transport t o  the reposi- 

tory, the t h i r d  phase. Conceptual design studies f o r  island d isposa l  are unavailable, but 

the  required additional transportation f a c i l i t i e s  might be based on those discussed f o r  the 

port  and sea transport parts o f  the subseabed disposal option i n  Section 6.1.4. ' 



Repository F a c i l i  ty. The layout o f  the reference repository f o r  is1 and disposal i s  a 
preliminary adaptation o f  the conventional geologic disposal concept discussed i n  Chapter 5. 

It i s  assuned t ha t  the island bedrock i s  c r ys ta l l i ne  and tha t  the waste i s  emplaced approxi- 

mately 500 m underground. 

The conceptual design f o r  an is land crysta l1  ine rock repository i s  not supported by a 
data base canparable t o  tha t  f o r  sa l t  repositories. The c r ys ta l l i ne  rock conceptual design- 

discussed i n  chapter 5 i s  assumed t o  be applicable t o  the underground aspects o f  is land 

disposal except sa l t .s tockpi le  handling equipnent would not be needed, The surface f a c i l i -  

t i e s  f o r  is land disposal are assmed t o  be the same as f o r  conventional mined geologic d i  s- 
posal . 

Assming t ha t  the repository capacity f o r  spent fuel disposal i s  the same as f o r  the con- 
ventional mined geologic disposal and that  su f f i c i en t  intermediate storage and transportation 

capacity can be provided, the once-through cycle would require four to eight is land reposi- 
tories, depending on the  m.edia. More respositories would, be needed i f  is land area were 

i nsu f f i c i en t  to support a repository o f  the size discussed i n  Chapter 5. Uranim-plutonium 
recycle wastes would require s ix  t o  ten is land repositories, depending on the is land media 

(WE 1979). The scheduled ava i l ab i l i t y  o f  the reposi tor ies f o r  wastes from both fuel  cycles 
would be expected t o  be 'a few years behind t h a t  o f  the  conventional mined geologic disposal 

program. 

Retrievability/Recoverabilit~. Retr ievabi l i ty  o f  emplaced waste o r  spent fuel  f ran the 
roans would be essent ia l ly  the sane as f o r  the conventional mined geologic repository i n  

c r ys ta l l i ne  rock. If re t r ieva l  Here required because o f  deter iorat ion o r  f a i l u re  o f  the 
waste containers, special transportation containers and storage f a c i l i t i e s  would be needed. 

This need could be metiby using a special cask design suitable f o r  e i ther  r a i l ,  truck, o r  sea 
transport. Recoverability would a1 so be s imi lar  t o  tha t  wi th  mined geologic disposal and 

would involve techniques simi lar t o  those used f o r  the or ig ina l  emplacement process. Retrie- 

vabi l  i t y  from i s l  and reposi tor tes could be canpl icated by the hydrogeol ogic character ist ics 
o f  the sites. 

Seal ing. ~ e c m i & i o n i n g ,  and Monitorinp. m e  sealing concepts might be the same as 
those f o r  conventional mined geologic disposal i n  crysta l1  ine rock. The pr incipal  difference 

would be i n  the supply o f  labor and materials, which would involve sea transport t o  the 

i s l  and, 

Final decmiss ion ing  o f  the is land f a c i l i t i e s  could involve underground disposal o f  a l l  
contaminated equi pnent, the removal o r  disposal o f  a1 1 surface f a c i l  i ties,  and suitable re- 

storat ion and landscaping o f  the island. 

Monitoring systems would be used during emplacement operations t o  detect a i r ,  surface 

water, and ground-water contamination. Af ter  the repository was sealed, a long-term moni- 
to r ing  system would be implemented. This system would be s imi lar  t o  tkose f o r  the  conven- 

t ional  geologic disposal concept, w i th  modifications t o  s u i t  the island option. 



6.1.3.3 Status o f  Technical Development and R&D Needs 

Present State o f  Development 

I n  general, conventional mining techniques would be applicable t o  is land reposi tory con- 

struction. Transportation, storage, and handling requirements would be s im i la r  t o  those f o r  

the conventional mined geologic disposal concept, w i t h  the addi t ion o f  the sea transportat ion 

l ink.  Construction methods for ports would employ standard engineering practice. 

Because the i s1  and disposal concept i s  so s im i la r  t o  the  mined geologic' reposi tory o p  

t ion,  the state o f  devel o p e n t  i s  about the same. The ship 1 oading and unloading require- 

ments are s imi lar  t o  those described i n  the subseabed alternative, so again, the s ta te  o f  de- 

velopnent i s  about the same. 

Technical Issues , 

Technical issues t h a t  d i f fe r  fran those for mined geol oglc reposi tor ies 1 i e  i n  the areas 
o f  unique is land hydrology and tt ie resu l tant  impacts o f  fresh o r  sal ine water on the package 

material s and the waste formulation, 

For example: I s  the  waste fonn proposed f o r  conventional mined geologic disposal appro- 
p r ia te  f o r  is land disposal? Are the canisters tha t  encapsulate HLW or  the  canisters o f  spent 

fue l  canpatible w i t h  t he  island repository environnent? S 

water zone o r  the sal ine ground-water zone? 

Because a major incent ive f o r  considering i stand s i tes  

gime tha t  frequently ex i s t s  beneath them, e f f o r t s  would be 

Ver i fy the existence o f  a- freshwater lens a t  various s 

ould emplacement be i n  the fresh- 

i s  a par t i cu la r  hydrological re-  

needed to: 

i t e s  and determine i t s  size, 

Determine the f low patterns and ve loc i t i es  o f  sal i ne  ground water a t  depths beneath the 
freshwater lens. 

Ver i fy the s t a b i l i t y  o f  the freshwater lens i n  terms o f  the equ i l i b r iun  between deep 
groundwater flows, s a l i n i t y  diffusion, p rec ip i ta t ion  and surface hydrology, the e f fec ts  
o f  sea leve l  slopes, and other relevant processes i n  the natural state. 

Examine the perturbation t o  the  1 ens caused by construction o f  the reposi tory shafts and 
underground f a c i l  i t i e s ,  us i  ng simulation models and f i e l d  evidence, i f  avai l  able. The 
shafts and f a c i l i t i e s  w i l l  tend t o  provide a sunp tha t  w f l l  d ra in  e i t he r  the freshwater 
o r  the sal ine ground water, depending on the locat ion and depth o f  the repository. 

Examine the e f fec ts  o f  heat generation on 1 ens s t a b i l i t y  using simulation models. Heat 
may cause thermal convection c e l l s  tha t  could f low counter t o  the freshwater c i r cu l a t i on  
and modify the discharge pattern in to  the seawater. 

R&D Requirements 

To resolve these technical issues, specif ic R&D prograns would be directed toward: 

Devel opnent o f  a system data base 
1 . , 

Study o f  hydrogeol ogical a s p c t s  o f  is land s i tes  - 



L Developnent o f  c r i t e r i a  f o r  and categorization o f  s i t i n g  opportunities 

0 Risk assessment. 

Implementation Time and R&D Costs 

The time to cmplete the R&D, and the associated costs would be very s imi lar  t o  time and 

costs f o r  a mined geologic repository. Increased R&D cost f o r  the is land concept would be 

expected t o  be a very small increment when canpared t o  t o ta l  costs f o r  development o f  the 

mined geologic repository. 

S m a r ~  

Major uncertainties, shortcomings, and advantages o f  the concept are smnasi zed below: 

0 The transportation requirementi t o  a remote locat ion add t o  the  overal l  r'isk o f  the 
concept. 

0 The state o f  knowledge re la t ing  t o  the hydrologic regime, upon Hhich the concept rel ies,  
i s  not current ly  su f f i c ien t  f o r  s i t i n g  o r  perfonnance analysis. 

a Considerable e f f o r t  might be required t o  develop specialized waste forms and packages, 
i f  current reference concepts are not sui tab1 e. 

0 The approach does appear to be technical ly conservatfve i f  the hydrology i s  as predicted 
and t o  be capable o f  implementation i n  a step-wise manner. 

0 The concept employs the mult i -barr ier  approach and has the additional a t t rac t i ve  benef i t  
o f  being remote. 

6.1.3.4 Impacts o f  Construction and Operation (Preemplacementl 

Impacts o f  construction and operation o f  predisposal systems i n  the is land concept would 

be s imi lar  to those discussed i n  Section 5.6 f o r  the mined geologic repository. Additional 

impacts from the sea transportation l i n k  and the port f a c i l i t i e s  would also be involved and 

are discussed i n  Section 6.1.4.4 f o r  the subseabed disposal option. Impacts o f  mainland dis- 

posal are not discussed here. 

Ideally, any island chosen f o r  disposal would be t o t a l l y  uninhabited p r i o r  t o  construc- 

t i o n  o f  the repository (Selvaduray e t  al. 1979). I n  t h i s  case, the only non-occupational 

people impacted by construction and operation o f  the i s1  and repository would be fami l ies of 

those working a t  the f ac i l i t y .  

Health Impacts 

Radiological Impacts. Increased rad ia t ion exposure o f  occupational personnel under both 

normal and abnormal conditions would resu l t  f ran unloading o f  the waste a t  the receiving 

port, temporary storage o f  the waste, and transfer o f  the waste t o  the repository. Quantita- 

t i v e  estimates o f  these exposures are not available a t  t h i s  time. However, unloading o f  the  

waste would probably r esu l t  i n  exposures s imi lar  t o  those encountered during loading a t  the 

embarkation port, as discussed i n  Section 6.1.4.4 f o r  the subseabed o ~ t i o n .  I n  addition, i t  

i s  s igni f icant t ha t  the island repository would accept TRU wastes. This means tha t  transpor- 

ta t ion  impacts would be s l i g h t l y  greater than those f o r  the subseabed option. 



Moreover, a1 though transportat ior trelated impacts might be higher f o r  is1 and disposal, main- 

land benefits would be s ign i f i can t  because o f  the  el imination o f  the  need t o  dispose o f  TRU 
wastes on the mainland. 

The operation o f  the island repository I t s e l f  i s  expected t o  be essent ia l ly the same as 

that  f o r  a mined geologic repository. Therefore, the exposure o f  occupational personnel t o  

rad ia t ion  should a1 so be essent ia l ly  the same. This exposure, during both nona l  and a b n o ~  
ma1 conditions, i s  discussed i n  Section 5.6. 

I n  the event tha t  there were any nonoccupational people on the island, t he  maximum dose 

received by any one o f  those indiv iduals i s  expected t o  be simi lar t o  that  received as a re- 

sul t o f  the  operation o f  a mined geologic repository. However, because only a 1 imited nurrber 

o f  nonoccupational people should be present, t o t a l  nonoccupational radiological health ef- 

fects f o r  an is land reposi tory are expected t o  be considerably less  than those f o r  a mined 

geologic reposi tory. 
1 

Nonradiologfcal Impacts. As indicated, impacts f o r  is1 and* disposal should be sfmil ar  t o  
those o f  the subseabed and mined geologic disposal options. However, f o r  an is land reposi- 

t o r y  i n  a r e l a t i ve l y  uninhabited area o f  the world, impacts would be s fgn i f i can t l y  d i f f e ren t  

f ran those o f  the  mined geologic repository. I n  t ha t  case, potent ia l  mn-occupational 

impacts would resu l t  pr imar i ly  fran transportation act iv i t ies .  Most transportation-related 

impacts are expected t o  be s imi lar  t o  those f ran  the subseabed disposal option and are des- 

cribed i n  Section 6.1.4.4. That option, however, would not involve unloading waste material 
and increased transportation t ha t  could cause additional impacts fran is land disposal. 

Natural System impacts 

Invest igat ion o f  candidate i s land  disposal s i tes would involve d r i l l i n g  and geophysical 

surveys, both on the island and i n  the adjoining offshore areas. During these ac t i v i t i es ,  

natural and w i l d l i f e  habi tats could be disturbed. Access and exploration operations could 

pol 1 M e  both freshwater and seawater sources. Ecol ogical e f fects  could a1 so ar ise f ran the 

use o f  explosives for '  seismic surveying. These impacts could be minimized by iden t i f i ca t ion  

o f  sensit ive areas and adequate planning. . - ! 

Other ecological impacts, such as those described f o r  the mined geologic repository i n  

Section 4.8, would occur on the is land selected f o r  f i n a l  disposal. However, because o f  t he  

del icate balance o f  an island ecosystem, these impacts might require special consideration. 
I n  addition, t he  construction and operation o f  the requi red transportation and repository 

f a c i l i t i e s  would po ten t ia l l y  impact the marine enviroment. These types o f  impacts have not 

been extensively eval uated. 

Another important consideration i s tha t  small i s l  and ecosystems provlde no refuge. f o r  the  

b io ta  and ecosystems are much more eas i ly  affected by 1 arge-scal e hunan actfv i ty.  Further- 

more, a f t e r ' t h e  operational phase had ended, recolonization fran ou tdde  sources would be f a r  

more d i f f i c u l t ,  and would take longer, than f o r  a continental region. Finally, the types of 



species that recolonize an island could be expected t o  establish considerably d i f ferent  
trophic structures than were present pr ior  t o  construction. 

Emplacement operations i n  the repository would be simi lar t o  those for  the conventional 
mined geologic disposal concept. Houever, i f an accident were to occur within the is1 and re- 
p s i  tory, water might be present because o f  drainage in to  the excavation. Thus, these opera- 

tions, and other ac t iv i t ies  associated with the island repository, could affect the fresh- 
water regimes on the island. I n  addition, water pmped frun the underground excavation would 

' be brackish i f  the repository w r e  1 mated be1 ow the freshwater lens i n  the sal ine zone. 
Therefore, care would be required to  prevent contamination o f  surface freshwater streams and 

1 akes. D i  sturbance o f  'the natural ground-water regime could result  i n  some freshwater we1 1 s 

becaning saline. Such ac t i v i t y  could s igni f icant ly  af fect  the island's ecosystem, o f  which 
freshwater i s  a c r i t i c a l  element. 

Socioeconomic Impacts 

Construction o f  an island repository would require assembling and transporting a large 
work force t o  a remote island. These ac t iv i t ies  would af fect  the socioeconanic structure o f  

coastal cmmunities through *ich the project personnel and equi pnent were transported. De- 
ta i led  assessment o f  these impacts has been limited, but information presented on the subsea- 

bed and ice sheet options provides a useful perspective (Sections 6.1.4.5 and 6.1.5.5). 

On the island, socioeconanic impacts would be a d i f ferent  type o f  concern associated with 
the ent i re ly  new camnuni t i e s  that would nomally be established. Selecting unoccupied 

i sl ands fo r  a f ina l  repository would greatly reduce socioeconanic impacts. 

Aesthetic Impacts 

Aesthetic impacts o f  the island disposal option would be 1 imited because few people would 
l i v e  i n  the v i c i n i t y  o f  the repository. During cok t ruc t ion  and operation, authorized s i t e  

personnel would be the only individuals t o  perceive aesthetic impacts. 

Aesthetic impacts would a1 so be associated with transportation act iv i t ies. ~ l t h o u ~ h  

these are generally' not viewed as signif icant, additional discussion on t h i s  matter appears 
i n  Sections 6.1.4.5 and 6.3.5.5 on the subseabed and i ce  sheet disposal options, 

I 

respectively. 

Resource Consumption 

Construction and operation o f  the island repository f a c i l i t i e s  would require energy, as 
would transporting the waste material t o  the disposal site, over mainland, ocean, and island 

routes. There are no studies available t o  quantify these energy needs. 

Although the size o f  the f a c i l i t y  and the land area required w u l d  be simi lar t o  that f o r  
the conventional mined geologic concept, i t  should be recognized that  island repositorSes 
would l i k e l y  require that  an ent ire island be devoted t o  a Haste repogtory. This canitment 
o f  land might not be important, however, considering that  extensive study would be completed 
before an individual island was proposed as a disposal site. 



International and Domestic Legal and Inst i tu t ional  Considerations 

The island disposal option, l i k e  the subseabed and ice sheet options, would require 

transporting waste materi a1 over the ocean, and the general international imp1 ications o f  
such transportation are important. Emphasis i n  th is  discussion i s  placed on aspects unique 

t o  island disposal. 

Two; possibly complementary, international considerations would have t o  be studied f o r  

island disposal. On the other hand, an i n i t i t a l  motivation for island disposal i s  that i t  
could provide an international repository fo r  use by many countries. On the other hand, 
the s i t i ng  o f  a repository on an island over which the U.S. does not have soveriegnty would 
require the approval of the nation that does. 

International concerns could arise from countries i n  the v icn i ty  of a proposed island 

repository. For example, if a remote island i n  the South Pacif ic were selected fo r  an is -  
land repository, nations bordering the South Pacific might feel  they were exposed t o  r i sks  

while receiving l i t t l e  or no benefit. Regardless of whether specif ic treat ies were re- 
quired, nations adjacent to any island disposal s i t e  ould be l i k e l y  t o  voice concern and 
seek international assurance of the safe operation of these fac i l i t i es .  

6.1.3.5 Potential Impacts Over Long Term (Postempl acement) 

Potential Events 

As i n  land disposal o f  radioactive waste, island disposal would require careful'as- 

sessment of the processes by which the radionuclides could migrate from the containers 
through the various barriers to man's enviromnent. Actual island emplacement o f  any quan- 
t i t y  of such waste could occur only after the completion of a program to  demonstrate, by 

analysis and experiment, the retention capabil i t ies of each of the natural and man-made 
barr iers t o  migration. 

Waste Encapsulation. The waste form and canisters used f o r  island disposal might 
be similar to'those used i n  a mined geologic repository on the mainland. Studies of the 
specific effects of ground-water chemistry i n  either the freshwater lens or deep saline 

zones would provide data f o r  establishing leach rates i n  the crysta l l ine rock site. 

Ground-Water Transport, Freshwater Lens Location. Waste emplaced i n  the freshwater 

lens might be exposed to  the very slow ground-water c i rcu lat ion within the lens. The ve- 

l oc i t i es  would depend on rock permeabili ties, porosities, precipitation, and surface hydro- 

logy. A simpl i f ied conceptual view of the potential pathways and barr iers i s  shown i n  Fig- 
ure 6.1.10. 

Waste i n  the freshwater lens circulat ing system might be expected to  discharge at the 

shoreline, Natural ground-water f 1 ow patterns might be affected by thermal convection and 
repository construction. Concentrations at the ex i t  zone have not been estimated. 



Radionuclides might be sorbed by the host rock, which w u l d  substantial ly retard the 

waste transport within the lens. Sediments that  might exist  a t  the shore1 ine i n  the d i  s- 
charge zone could have useful sorption properties and retard radionuclides pr io r  t o  dis- 

charge and d i lu t ion  i n  the seawater. 

6roun6water Transport. Saline Zone Location. It has been suggested tha t  offshore 

islands may have essential ly s tat ic  saline ground water a t  depth, due to  the absence o f  
hydraulic gradients a t  sea level. However, the residual o r  continuing effects o f  oceano- 

graphic, geothermal , climatological , o r  other changes may create flow. These effects would 

need t o  be examined pr ior  t o  s i t ing  a repository i n  such a location (see Figure 6.1.11). 

Flow transport i n  the saline zone may be accanpanied by dispersion and diffusion, which 
would result  i n  reduced concentrations a t  a distance fran the repository. The amount o f  
sorption o f  radionuclides i n  the host rqck o r  on seabed sediments would depend on the part i -  

cul ar radionucl ide, ground-water, and rock o r  sediment chemistry. 

Seawater Contamination. It appears that the principal discharge o f  wastes fran an island 

repository would be in to the seawater, possibly through sediments. Discharge might occur i n  
a re la t i ve ly  concentrated near-surface zone i f  the waste were located i n  the freshwater lens. 

This could cause contamination o f  1 i ttora l  and near-surface aquatic systems. 

Discharge fran wastes located i n  the saline ground-water zone would l i k e l y  be dispersed 

through the seabed i f  the thermal-convection effects were insuf f ic ient  t o  d i s to r t  the f low 

patterns signif icantly. 

Volcanism. Sane islands, par t icu lar ly  those i n  island arcs and to  a lesser extent oce- 

anic is1 ands, are frequently highly active seimical ly and 1/01 canical ly. Such ac t i v i t y  could 
discharge the waste i n  e i ther  lava flows or In to the atmosphere. Geologic data fo r  the most 
recent volcanic event would be re l ied upon to establish inactivity before an island was 
selected as a disposal site. 

Potential Impacts 

I n  determining the potential impacts o f  island disposal over the long term, the follow- 

ing factors would be considered: 

corrosion, leaching, and transportation o f  radionuclides t o  the biosphere by the ground 
water 

The influence o f  thermal effects on flow 

Thermal/mechanical ef fects on permeability and porosity 

~etardat ion o f  radionuclides on rock fractures and seabed sediments 

Sediment and current movements - 
Pathways t o  man v ia marine organi  an^, typical  marine act iv i t ies,  and island 
considerations. 
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FIGURE 6.1.10. Isolation Barriers for Freshwater Lens Location 

FIGURE 6.1.11. Is01 ation Barriers for Sal ine Zone Locations 



Quantitative ertimates o f  these impacts f o r  the island disposal ~ o n & ~ t  are unavailable 
at t h i s  time. However, it i s  expected that they would be simi lar to, but probably less sig- 

n i f i can t  than, those fran a mined geologic repository. The reasons f o r  the probable less- 
ened impact are tha t  (1) seabed sediments might provide signif icant sorption o f  certain 
radionuclides, (2) the sea would provide substantial d i l u t i on  o f  discharges fran the ground 
water, and (3) the island population, which would .bear the greatest impacts, would be ex- 
pected t o  be m a l l  i n  the long term because o f  the remoteness, size, and l imi ted potential 
f o r  inhabitation o f  any island that would be selected. 

6.1.3.6 ., Cost Analysis 

Detail ed costs fo r  is1 and repository construction, operation, and decamnissioning have 
not been estimated. It i s  estimated, however, that the cost o f  an island repository would be 
a t  least double that f o r  a continental mined geologic repository because o f  sea transporta- 
tion, the associated loading and unloading fac i l i t ies ,  and the high salaries necessary f o r  
remote 1 ocations. 

. - .  
6.1.3.7 Safeguard Requirements 

With the exception o f  ocean transportation, safeguard requirements f o r  t h i s  concept would 

be expected to  be similar t o  those for the mined geologic repository concept. However, the 
r i s k  o f  diversion fo r  the island disposal concept I s  pr imari ly a short-term concern because 
o f  the remoteness o f  the disposal s i t e  and the major operational and equipnent req;irenents 
fo r  retrieval. Physical protection o f  the sensitive f a c i l i t i e s  and transportation operations 

would be the most effect ive way to  deny access t o  the waste f o r  the short term. For addi- 
t ional discussion o f  predisposal operations safeguards see Section 4.10. 



6.1.4.1 Concept Summaryl 

I n  subseabed disposal, wastes would be enplaced i n  sedimentary deposits o f  the ocean bot- 

tan that  have been -stable f o r  m i l l  ions o f  years. These deposits have a high sorptive capac- 

i t y  f o r  the 'waste species (except f o r  iodine and technetiun) tha t  might leach f ran the waste 

packages. Transport f ran ocean depths f o r  any waste species escaping the sediments t o  the 

b io log ica l l y  act ive near-surface waters i s  expected t o  be a slow process t ha t  would resu l t  i n  

d i l u t i o n  and dispersion. I n  addition, the great depth o f  the water column w u l d  consti- 

t u te  a bar r ie r  to  hunan intrusion. 

A program has been under way since 1973 t o  assess the technical and. emirormental fea- 

s i b i l i t y  o f  t h i s  concept f o r  disposing o f  high-level nuclear wastes (Bishop 1974-75, Talbert 

1975-78). The t o ta l  seaed represents about 70 percent o f  the surface o f  the planet ( o f  

which less than 0.0001 percent would be used) and contains a wide var ie ty  o f  geologic forma- 

tions. Theoretically, a l l  wastes fran the oncethrough cycle and uranfun-plutoniun recycle 
options could be emplaced i n  subseabed formations. But, because o f  vol m e  considerations, 

other methods o f  disposal may be more practicable f o r  contact handled and remotely handled 

TRU wastes . 
The reference subseabed geologic disposal system f o r  study purposes i s  the emplacement o f  

appropriately treated waste o r  spent reactor fuel i n  a special ly designed container i n t o  the 

red c lay sediments away f ran  the edges o f  a North Paci f ic tectonic plate, under the hub of a 

surface c i r cu la r  water mass c a l l  ed a gyre (mid-pl ate/gyre:MPG). (However, select ion o f  the 

North Paci f ic as a study area i n  no way implies i t s  selection as a candidate subseabed d l  s- 

posal s i  te.) The reference method uses a penetrmeter(a) f o r  enpl acing wastes i n  the 

sediments i n  a control 1 ed manner t h a t  a1 lows subsequent monitoring. A special l y  designed 

surface ship would transport waste fran a port f a c i l i t y  t o  the disposal s i t e  and enplace the 

waste containers i n  the sediment. A monitoring ship, which would canpletely survey the  dis- 

posal s i t e  before operations began, could determine the 1 ocations o f  individual disposal con- 

ta iners and monitor t h e i r  behavior f o r  appropriate lengths o f  time. The ship would also 

maintain an ongoing survey o f  the surrounding envirorment. 

(a) A penetraneter i s  a needle-shaped p ro jec t i l e  that, when dropped from a height, pene-. 
t ra tes a target  material. It can carry  a payload o f  nuclear waste and instrunents 
designed t o  measure and transmit i t s  f i na l  pos i t ion and or ientat ion re l a t i ve  t o  the 
sediment surface. Penetration depth i s  control led by the shape and weight o f  the pene- 
traneter, i t s  momentum a t  contact wf t h  the sediment, and the mechanical properties o f  
the sed iment . 



6.1.4.2 System and F a c i l i t y  Descript ion 

System Options 

The reference concept f o r  the i n i t i a l  subseabed disposal o f  nuclear waste has been de- 
veloped from a nunber o f  options available a t  each step fran the  reactor t o  disposal i n  t he  

subseabed repository. 

Various options t o  be considered f o r  the subseabed concept are sunmarired i n  Figure 

6.1.12. The bases f o r  select ion o f  options f o r  the reference concept are deta i led i n  sources 

c i ted i n  Appendix M. 
. , 

Waste-Type ~ o k p a t i b i l  i t y  

It i s  assuned f o r  the reference case tha t  subseabed disposal i s  l im i t ed  t o  disposing o f  

spent fuel ,  HLW and cladding hults. Other wastes are assuned t o  be disposed o f  i n  a mined 

geologic repository. However, i t  should be noted tha t  these wastes may also be appropriate 
f o r  subseabed disposal i f  there are su f f i c i en t  econanic incentives. 

Waste-System Descript ion 

The reference concept design was selected as a feasible approach based on available in -  

formation and data and i s  not supported by a detai led system engineering o r  cost analysis. 

The waste-management system, i n c l  d i n g  the fue l  cycle and process flow, for the  reference 

concept i s  shown i n  Figure 6.1.13. 

Subseabed disposal has as i t s  foundation a set  o f  mu l t i p l e  barriers, both natural and 

man-made, tha t  would be employed t o  ensure the safe i so l a t i on  o f  nuclear waste. These bar- 

r i e r s  are (Bechtel 1979a): 

r The waste form 

a The waste canister 

r The emplacement medium (i.e., sediment) 

a The benthic boundary 1 ayer 

r The water column. 

The water colunn i s  a bar r ie r  p r imar i l y  t o  in t rus ion by man, although i t  would provide d i l u -  

t i o n  and dispersion f o r  radioact ive species. 

The waste form ( l each res i  stant sol id )  and the metal1 i c  waste canister o r  overpack would 

be man-made barriers. It i s  assmed tha t  they could be engineered as a mu l t iba r r ie r  system 

t o  contain the  waste for a period during which the heat-generation r a t e  due t o  f i s s i on  pro- 

duct decay would decrease to  low leve l  s. 

The emplacement medium (c lay sediment) shows evidence tha t  it could provide long-term 

contaiment o f  the nucl ides through i t s  sorptive qua1 i t ies,  ion-exchange characteri s t ics  , and - 
very 1 ow permeabil i ty. 
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FIGURE 6.1.12. Major Options for the Subseabed Disposal of Nuclear Waste 
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FIGURE 6.1.13. Waste Management System--Subseabed Disposal 



The ocean's benthic boundary layer  extends fran less than 1 m below the  sediment-water 

interface t o  100 m above t ha t  interface. This layer  resu l ts  f ran  the t u r b i d i t y  induced by 

natural f low processes and by the  b io log ica l  a c t i v i t y  at, o r  j u s t  below, the sediment-water 

interface. Par t icu la te  matter, which would act t o  sorb radionuclides escaping the sedi- 

ments, i s  temporarily suspended i n  t h i s  layer  and then returns t o  the sediment surface. 

The wafer column extends fran the benthic boundary layer  t o  the surface o f  the water. It 

would provide d i l u t i ona l  mi t igat ion t o  the  release o f  radionuclides. It would also be a barc 

r i e r  to man's intrusion. 

Predisposal Treatment. The predisposal treatment o f  waste f o r  the subseabed concept 

would be ident ica l  i n  many respects t o  the predisposal treatment o f  waste f o r  t h e  mined g e e  

l og i c  repository concept. Chapter 4 o f  t h i s  docunent discusses the predisposal systems f o r  

both spent fue l  and HLW c m o n  t o  a l l  o f  t he  disposal concept a1 ternatives. 

Ocean Environment. Analysis o f  ocean regimes has shown tha t  t he  most appropriate areas 
f o r  subseabed waste containment would be clay-covered abyssal h i l l  regions away from the 

edges o f  subocean tectonic plates underlying large ocean-surface currents known as gyres. 
These vast abyssal h i l l  regions are renote f ran human ac t i v i t i es ,  have few resources known t o  

man, are r e l a t i ve l y  b i o l og i ca l l y  unproductive, have weak and var iable bottom currents, and 

are covered wi th  red clay 1 ayers hundreds o f  meters deep. 

These c lay sediments are so f t  and p l  fable near the sediment-water in ter face and becane 

increasingly r i g i d  w i th  depth. Tests have shown t h a t  they have high sorption coe f f i c ien ts  

( radionucl ide retention) and ,low natural pore-water movement. Surface acoustic prof11 ing 

indicates tha t  such sediments are uniformly d is t r ibuted over 1 arge areas (tens o f  thousands 

o f  square ki laneters) o f  the ocean f loor.  As shown by core analysis, they have been contin- 

uously deposited and stable f o r  m i l l  ions o f  years, g iv ing confidence t ha t  they would remain 

stable long enough f o r  radionuclides t o  decay t o  innocuous 1 w e l s  (DOE 1979). 
! 

~ ranspor ta t io "  Features. The overland transportat ion features o f  the subseabed disposal 

concept would be essent ia l ly  ident ical  t o  those o f  the  mined geologic disposal concept. I n  

addition, subseabed disposal would require t ransportat ion o f  the waste from the mainland t o  

the subseabed repository. The pr incipal  transportation requirements would be f o r  seaport 

f a c i l  i t i e s  and seagoing vessel s. 

a. Seaport Fac i l i t i es .  The subseabed reference concept assunes t ha t  seaport f ac i l i - '  

t i e s  would be used only f o r  waste disposal a c t i v i t i e s  and would not share services wi th  other 

canmercial endeavors (Bechtel 1979a). 

The seaport would have f a c i l i t i e s  f o r  receiving rai lway casks containing the waste can- 
i s t e r s  and f o r  stor ing then i n  a water pool u n t i l  shipnent t o  the  reposi tory site. A l l  re- 

quired handling equipnent, including tha t  needed t o  load the canisters i n t o  seagoing vessels, 

would be available a t  the port. - 
The port  f a c i l i t y  could receive and handle 10,200 spent fue l  canisters a year (Bechtel 

l979b). For handling high-level reprocessing waste, the t o ta l  annual throughput would be: 



Canisters 

HLW , 2,380 
Cladding Hul ls 2,300 
End F i t t i ngs  

Total 

Claddi ng h u l l s  and end f i t t i n g s  are not thermally hot. However, they would be handled i n  

the same manner as HlW f o r  storage and disposal because o f  t h e i r  high rad ia t ion leve ls  and 

the poss ib i l i t y  o f  contamination by transuranic elements. 

The shipping area o f  the port  f a c i l i t i e s  would include a canister t ransfer pool and a 

t ransfer  cask storage area. To load the ship, the canisters would be moved from the cask and 

transferred t o  the shS p by crane. The dock f a c i l  i t i e s  would accmodate two shi ps o f  t he  ' 

c lass described be1 ow. 

b. Seagoing Vessels. Because o f  the quantf t ies o f  uaste canisters t o  be disposed of, 

subseabed disposal would require special dedicated ships (Bechtel 1979a). Each ship w u l d  

contain equi p e n t  f o r  handling the canisters during loading, a water pool t o  store the can- 

i s t e r s  during transportation, the  necessary equipment t o  emplace the canisters i n  the sedi- 

ment, and water cool ing and treatment f ac i l  f t ies.  

l he  waste ships could have double hu l l s  and bottoms. Waste canisters would be secured i n  

the holds o f  the ships i n  basins f i l l e d  wi th water. Thf s concept o f  transport ing f u d  canis- 

t e r s  f n  a shipboard storage pool, while new, i s  considered en t i r e l y  feasible and i s  assuned 

f o r  the  reference study. 

Disposal o f  spent fue l  might require approximately 15 days t o  load a ship, 15 days - for  

the round t r i p  fran' port  t o  repository, and up t o  50 days t o  emplace the canisters a t  the 
' 

subseabed site. Thus, a ship would make four t r i p s  a year. Based on transport ing 1,275 can- 
i s t e r s  per t r i p ,  two ships would be required. 

The sea-transportation requirements f o r  HLW would be the same as those f o r  spent fuel 

assemblies. It i s  estimated' tha t  the same nmbers and class o f  ships as described above 

would be adequate for transport ing HLW and cladding h u l l  s. The same nunber o f  t r i p s  would be 
required, but t o t a l  turnaround time would be about 15 days less because fewer canisters would 

be handled. 

I n  addit ion t o  the ships used for  the disposal operations, a survey ship would monitor 
the emplacement o f  canisters and t h e i r  p s i  t i ons  r e l a t i ve  t o  one another. 

Emplacement. It i s  assuned, tha t  a f r ee - f a l l  penetraneter would provide one a1 ternat ive 

method f o r  emplacing canisters i n  the seabed sediment (Bechtel 1979a). lhe canisters would 

have a nose cone t o  a id  penetration and t a i l  f i n s  for guidance. Al ternat ively,  they might be 

1 overed t o  a prededrmined depth and released, and would be designed t o  penetrate about 30 

meters i n t o  the sediment. Laboratory tes ts  indicate tha t  the holes made as the canisters en- 

tered the sediment would c l  ose spontaneously. ~ a n i  ster ins t rmentat f  o n h u l d  permit a moni- 
to r ing  crew t o  t rack each can1 ster t o  ensure proper penetration i n t o  the sediment and spacing 

between canisters. 



. .  
The tota l  seabed area required woul d be 560 kmzlyr (215 mi21yr) for HLW and 920 

k d / y r  (354 mie/yr) for  spent fuel assembl ies, based on an arb i t rary spacing o f  300 m 
(984 f t )  between canisters and a waste disposal system o f  5,000 MTM/yr. 

Retrievability/Recoverability. Retr ievabi l i ty has not been designed into the system 
concept (though during the experimental period a l l  emplaced radioactive material would be de- 

signed f o r  retr ievabi l  i t y )  (DOE 1979~). Postempl acement waste-canister recovery from any o f  
the four emplacement options (see Figure 6.1.12) would be possible with existing ocean engi- 
neering technology, but estimated costs are high. 

Monitoring. After the wastes rere emplaced, a monitoring ship would use instrunentation 

on the ship, on the ocean bottan, and on, the canisters t o  determine information about the 
buried canister: e.g., i t s  at t i tude and i t s  temperature. 
This monitoring would continue for  ,as long as necessary t o  ver i fy  the performance o f  the sub- 

seabed iso lat ion system. 

6.1.4.3 Status o f  Technical Development and R&D Needs 

Present State o f  Development 

The status o f  concept design, equipnent, and f a c i l i t i e s  f o r  d i f ferent  facets o f  a sub- 

seabed dispdsal operation i s  described be1 ow. 

Emplacement Medium. Properties o f  the red clay sediment o f  the ocean's abyssal hi1 1 s 
have been studied extensively under the Subseabed Disposal Program (SDP) (Talbert 1977, 

Sandia 1977, Sandia 1980). The considerable data collected indicate tha t  the sediment i s  a 
very prunising emplacement medium. The SDP has collected data on nuclide sorption and migra- 

tfon, effects o f  heat and temperature, ecosystems, and other aspects o f  the subseabed envi- 
rorment i n  these sediment areas. The program was started i n  1973, and studies of the 

empl acement medium and. of concept feasibi l  i t y  are planned t o  be ccmpl eted i n  1986. After 

that, the program would deal with other engineering problems, such as the hand1 f ng of waste 

during sea t ransbr t&ion and emplacement (Sandia 1980). 

Emplacement Methods. The SDP has not yet defined the methods o f  waste emplacement i n  the 

subseabed. The technical problems associated with t h i s  task would be addressed after the 

studies on sediment properties are cmpleted. I n  other words, the required depth o f  emplace- 

ment, spacing o f  canisters, method fo r  assuning hole closure, etc., would have t o  be known 

before emplacement methods could be devel oped. 

Four *ssible methods o f  empl acenent are being considered: (1) free-fa1 1 penetrometer, 

(2) winch-controlled penetrmeter descent t o  a determined depth and f i na l  propulsion (the re- 
ference concept), (3) trenching, and (4) d r i l l i ng .  The operations are described i n  Reference 

4. The first two methods that  use penetranetwr kesent fewer technical. challenges since the 

penetrcineter' i s  a widely used tool i n  marine, land, space, and arct ic - operations. 



Waste Form. The waste form and the canister design required f o r  subseabed disposal o f  , 

spent fue l  have not been determined. Because of the high hydrostatic pressures a t  the ocean 

bottom, one important character ist ic o f  the waste package would be a f i l l e r  material w i th  low 

canpressibi l i ty. Generally, meta l l ic  f i l l e r s  would sa t i s fy  t h i s  requirement, but other so l id  

materials could be more acceptable because o f  cost advantages, resource conservation, and 

easier process technology. 

The waste form required f o r  storage o f  HLW i n  a subseabed repository has not been deter- 

mined. It i s  be1 ieved tha t  borosi l  icate glass might be adequate, especial ly i f  the tempera- 

t u r e  o f  the canis te~sediment  interface were maintained below 200 C (392 F). This would 

require adjusting the age o f  the waste and/or the diameter o f  the canister t o  provide rapid 

heat f low away fran the canister. Other waste forms are also being considered. 

Waste Containment. Due to the expected e f fec ts  o f  high heat and rad ia t ion on the pro- 

per t ies  o f  the subseabed sediments, waste containment m u l d  have to be maintained f o r  a few 

hundred years t o  delay the release o f  nuclides. Experimental data on the r a t e  o f  corrosion 

o f  metal 1 i c  material s i n  hot br ine and seawater, col lected prtmari ly t o  improve the material 

performance i n  desalinization plants and i n  geothermal applications, would add t o  the conf i -  

dence t ha t  t h i s  capabi l i ty  can be provided. 

the SDP has a1 so inc l  uded 1 aboratory experiments wi th  metal 1 i c  material s subjected t o  a 

seawater enviroment o f  200 C (392 F) and 1,000 ps i  (6.9 x 106 Pa). Plates o f  Ticode 12 

showed the lowest ra te  o f  corrosion, as determined by a weight-loss technique (Talbert 1979). 

Fac i l i t i es .  lhe seaport storage f a c i l i t i e s  and the f a c i l i t i e s  that.would have to be 

b u i l t  aboard ship have not been developed. However, the technology f o r  bu i ld ing than i s  

available since they would resemble exist ing f a c i l i t i e s ,  such as spent fuel  storage pools and 

ordinary port f ac i l i t i e s .  The seaport location, size, and capab i l i t i es  are not yet  defined 

by the SDP. 

Technical Issues 

The engineering aspects f o r  subseabed disposal have not been established. The transporc 

t a t i o n  log is t ics ,  regulations, and the appropriate transportation "package" have not been 

developed. The precise size and type o f  f a c i l i t i e s  t ha t  would be b u i l t  are not known, and 

the time and motion studies t o  select the optimun ship size have not been made. I n  addition, 

a large area o f  uncertainty revolves around the methodology t ha t  would be used t o  emplace the 

waste. Techniques t o  ensure that  waste canisters were placed deep enough i n t o  the sediment 

have not been demonstrated. 

If demonstrated, a major a t t r ibu te  o f  subseabed disposal would be the a b i l i t y  o f  the 
sediments t o  hold radionucl ides u n t i l  they had decayed t o  innocuous levels. To determine 

whether these sediments could actual ly do this, the fol lowing technical issues would need 

resol ution. 



I o n  Transport i n  the Sediment. b r e  data would be required regarding the ra tes a t  which 

t he  radioactive ions t ransfer through the sediment. Studies and empirical data would be re- 

quired t o  determine the thermal in teract ion w l th  canister mater ia ls and wastes, conduction, 

and convection through the sediment. 

I on  Transport t o  the  Biosphere. The paths and ra tes a t  which the radioact ive ions could 

t ransfer  from the sediment, through the benthic boundary layer, and i n t o  the water co l  unn are 

not known. Both mathematical models and empirical experiments would be required t o  obtain 

t h i s  infonnation. Modeling would also be required t o  determine a r e a l i s t i c  ra te  o f  migrat ion 

up the water co l  unn. 

Sediment Mechanical Requirements. The subseabed sediments tha t  would be candidates f o r  

nuclear waste disposal are between 4,000 and 6,000 m (13,000 and 20,000 ft) below the  ocean 

surface. Further information would have t o  be acquired regarding t h e i r  macroscopic (as we1 1 

as microscopic) structural  characterist ics. Shese character ist ics include sediment closure 

a f t e r  emplacement and lonp te rm sediment deformation and buoyancy resu l t i ng  fran heating. 

R&D Requirements 

The SOP i s  divided i n t o  seven R&D f i e l d s  o f  study (see Sandia 1980), each wi th  nunerous 

subdivisions. As f a r  as funding and the state o f  technology allow, a l l  o f  these studies are 

being pursued simultaneously, though not a l l  a t  the same leve l  o f  detai l .  An eighth f i e ld ,  

safeguards and security, would be established l a t e r  as the resu l t s  o f  the other seven stu- 
d ies becane known. Br ief  descript ions o f  these eight studies which define R&D requirements, 

f o l  1 ow: 

S i t e  Studies. Current studies include evaluation o f  North At lant ic  and North Pac i f ic  

oceanic areas t h a t  meet s i t e  s u i t a b i l i t y  c r i te r ia .  Fran these areas, cer ta in  study locat ions 

have been, and w i l l  continue to  be, iden t i f i ed  f o r  more in tens i f ied study. 

Environmental Studies. Environnental studies include physical and biological  oceano- 

graphy. They focus on analyzing physical character ist ics o f  the  water colunn f ran the  ocean 
surface to the sediment surface, and on.gathering a l l  pert inent infonnation about the marine 

l i f e  tha t  inhabi ts the water c o l m .  The ult imate purpose o f  these studies i s  t o  determine 

whether, and t o  what degree, t he  physical and biological  character ist ics o f  the ocean would 
accelerate o r  slow the  transport o f  accidental ly released radionucl ides t o  man's envirorment . 

Mul t ibar r ier  Quantification. The mu1 t i b a r r i e r  study includes the sediment, t he  cani s- 

ter ,  and the waste form, both immediately'adjacent t o  the waste container and fu r ther  af ie ld,  

t o  determine t h e i r  natural characterist ics. Again, the  ult imate purpose i s  t o  learn whether, 

and t o  what degree, they would a1 low re1 eased radionucl ides t o  be transported. A second 

purpose i s  t o  learn how they would react t o  the heat and rad ia t ion  generated by a k s t e  con- 

ta iner,  as well as t o  any engineered modif icat ion t o  the sediment such as a r t i f i c i a l  closing 

o f  the  empl acement hole. - 



Transportation. Transportation stlidies include four subdivisions: 

Land transport with investigations directed to  transporting HUI and/or spent fuel f ran 
an originating plant t o  the por t  f a c i l i t y  by r a i l ,  road, o r  barge. 

The port, f ac i l i t y ,  including a,receiving structure. 

The staging area, t o  include cooling f a c i l i t i e s  for  holding waste packages un t i l  they 
could be loaded. 

Sea transport with studies including design o f  special transport/emplacement vessels and 
o f  travel routes designed t o  minimize interaction with shipping lanes and a l l  other forms 
o f  maritime activity. It i s  1 ike ly  that  t h i s  would be a self-powered ship, but it could 
be a vessel that could be towed, possibly under water. Transportation technology i s  i n  
early, planning stages, pending determination o f  disposal feasib i l  ity. 

Emplacement and Monitoring. The study o f  emplacement and monitoring focuses on the time 
period that begins when waste packages, would be removed fran the i r  cooling area on the trans- 

port vessel and continues through burial  deep i n  the subocean sediments and closure o f  the 

entrance hole, ei ther natural ly o r  a r t i f i c i a l l y .  An in t r ins ic  part o f  the process would be 

the monitoring function. Monitoring w u l d  include surveying precise disposal 1 ocations, guid- 

ing emplacement mechanisms into those locations, and tracking the integri ty,  att i tude, and 

s t a b i l i t y  o f  waste containers fo r  as long as would be required af ter  emplacement. 

Social/Pol i t i c a l  Studies. ' Even i f  techno1 ogical and envirormental feas ib i l i t y  f o r  the 

subseabed disposal concept were established, danestic and international inst i tu t ions m u l d  

ult imately determine whether the concept could be used. lhere are no laws o r  agreements a t  

t h i s  time that speci f ica l ly  prohibi t  or allow subseabed disposal. Issues important t o  t h i s  

area are further discussed i n  Section 6.1.4.4 under International and Domestic Legal and 

Inst i tut ional Considerations. International agreements and structures mu ld  enhance the 

implementation o f  the concept. Eva1 uation o f  the current pol i t i c a l  and legal postures o f  a1 1 
countries that might be involved i n  subseabed disposal i s  under my. The existence o f  an 
international NEA/OECD Seabed Working Group i s  indicat ive o f  the international interest i n  
the concept. 

RiskISafety Analyses. As data becane avail able, r i s k  and safety analyses would be can- 

pleted on al 1 aspects o f  the SDP. 

Security and Safeguards. Except i n  the most general terms, studies i n  these areas w u l d  
have t o  await data acquisition and assessment. 

R&D Costs/Implementation Time 

Research and developent i s  assmed t o  end when the technology had been translated i n to  

routine practice a t  the f i r s t  fac i l i ty .  - Follow-on MD dn support o f  f a c i l i t y  operation i s  
considered i n  a d i f ferent  category. 

To date, almost a l l  resource expenditures have been focused on the technical and envi- 

ronmental f eas ib i l i t y  o f  the subseabed geologic concept, rather than on-specific on-site stu- 
dies o r  demonstrations o f  current engineering practice. The estimated to ta l  RLD costs are 

$250 m i l  1 ion (DOE, 1979). 



The SDP program plan has been divided i n t o  four d i s t i n c t  phases (Sandia, 1980). I n  each 

phase, the concept f e a s i b i l i t y  i s  assessed. The estfmated canpletion dates shown do not con- 

s ider programmatic perturbances resu l t ing fra regul atory o r  ins t i tu t iona l  i n f l  uences. 

Phase'l Estimation o f  technical and enviromental feas ib i l  i t y  on the basis o f  h is to r i ca l  
data. Canpleted i n  1976. 

e Phase 2 Determination o f  technical and enviromental f e a s i b i l i t y  f ran newly acquired 
oceanographic and ef fects data. Estimated canpl e t ion  date: 1986. * .  

e Phase 3' Determination o f  engineering f e a s i b i l i t y  and legal and p o l i t i c a l  acceptability. 
Estimated canpl e t ion date: 1993-95. 

> 

Phase 4 Demonstration o f  disposal f ac i l i t i e s .  ' Estimated canpletion date: 2000 t o  2010 
(Anderson e t  a1 . 1980). 

Summary 

Major uncertainties, shortcanings, and advantages o f  the concept are s m a r i z e d  below: 

e The remoteness o f  the location, apparent sorption capacity o f  the sediments, and 
demonstrated s t a b i l i t y  o f  the s i t e  are a t t rac t i ve  at t r ibutes. 

e The concept could be implemented i n  a step-wise fashion. 

e The expected performance o f  packages and waste form i n  the  envlroment a t  the seabed i s  
not well understood. 

Specif ic new danestic leg is la t ion  and international agreement would 1 i k e l y  be required. 

Re t r ievab i l i t y  t o  al low f o r  correct ive action purposes might be d i f f i c u l t .  

e Transportation requirements t o  a remote locat ion add t o  the overall  r i s k  o f  the concept. 

6.1.4.4 Impacts o f  Construction and Operation (Preempl acementl 

Health Impacts 

Both radio1 ogical and nonradiol ogical health impacts are discussed below. 

Radiological Irripacts. Both occupational and nonoccupational doses p r i o r  t o  the waste ar- 

r i v i n g  a t  the seaport f a c i l i t y  are expected t o  be s imi lar  t o  those anticipated f o r  a mined 
geologic repository, as presented i n  Chapters 4 and 5. 

The occupational and nonoccupational radiological  impacts o f  the operation o f  the sea- 

por t  f a c i l  i t y  and the seagoing vessel s have been developed by Bechtel (1979a), and are pre- 

sented i n  Table 6.1.11. These impacts are conservatively estimated as equivalent t o  those 

f o r  away-fran-reactor storage pools (AFR), corrected i n  consideration that: 

e The primary waste handled a t  the subseabed f a c i l i t i e s  would be 10 years old. 

e The primary waste a t  the subseabed f a c i l i t i e s  would be encapsulated. 

e The nunber o f  personnel i s  expected t o  be smaller a t  the seaporr f a c i l i t y  than a t  the 
AFR f a c i l i t y .  This may be of fset by the f ac t  tha t  personnel might receive occupational 
doses f o r  longer time periods while serving aboard ship. 



TABLE 6.1.11. Radiological Impacts O f  The Normal Operation 
A t  A Subseabed Repository 

Occupational 

H o l e  Body Dose. 
mawreh/yr - 

Spent Fuel H i  gh-Level Waste 

seaport Facil  i ty 340 200 
Seagoing Vessels 340 200 

Nonoccupational 
Seaport F a c i l i t y  40 10 
Seagoing Vessels Negl i g i b l  e Negl i g i b l  e 

Bechtel (1979a) gives the  consequences o f  abnormal events a t  subseabed f ac i l i t i e s .  These 
consequences are equated with accidents postulated for the AFR (i.e., design basis tornado) 

f a c i l i t y  f o r  the  most exposed pub1 i c  individual. Elo probabi l i ty  analysis was included. For 

spent fuel disposal, the radiological impacts o f  an abnormal event would be 0.02 mm/event 
f o r  the seaport f a c i l i t y  and 0.003 mrem/event f o r  the seagoing vessels. For HLW, these im- 
pacts would be 0.001 mren/event and 0.002 mrem/event, respectively. 

The maximun r i s k  would be posed by the sinking o f  the seagoing vessel o r  by loss  o f  waste 

canisters overboard. Except f o r  accidents i n  coastal waters where mi t igat ion actions could 
be taken, the radioactive mater ials released in to  the sea fol lowing such an event would dis- 

perse i n to  a large volune o f  the ocean. Sane radionuclides might be reconcentrated through 

the food chain to  f i s h  and invertebrates, which could be eaten by man. Bechtel (1979a) as- 
sunes that  the waste could be retr ieved i f  e i ther  event were t o  occur and does not provide an 

impact estimate. The doses provided i n  Table 6.1.12 f o r  such an w e n t  are taken fran EPA 

(1 979). 

Nonradiological Impacts. The nunbers o f  In jur ies,  il lnesses, and deaths related t o  the 
construction and operation o f  the subseabed disposal option p r i o r  t o  the uaste a r r i v ing  a t  

the seaport f a c i l  i t y l repos i  t o r y  are expected t o  be simi l  ar t o  those f o r  the mined geologic 
options. A t  the seaport fac i l i t y ,  i t i s  estimated that  the impacts would be no greater than 
those associated with surface storage and transfer f a c i l i t i e s  t o  be used wi th  a reprocessing 
plant o r  spent fuel werpacking f a c i l i t y .  These impacts are discussed i n  Chapter 4. 

Additional areas specific t o  subseabed disposal tha t  would have nonradiological health 
impacts are the construction o f  seagoing vessels and the conduct o f  operations a t  a seaport 

and on the-ocean. Although there are no quant i tat ive estimates o f  these impacts, it i s  ant i -  
cipated that  they would be simi lar t o  those incurred during the construction and operation o f  

conventional seagoing vessels and operation of conventional dock f a c i l i t i e s .  

Natural System Impacts 

Impacts t o  the natural environnent for t h i s  disposal option would Fe related pr imar i ly  t o  
transportation and emplacement ac t i v i t i es .  Radio1 ogical concerns would be most s ign i f icant  



TABLE 6.1.12. Estimated Dose Canmitment From Marine Food 

Chain For Loss of Waste At Sea 

Popul a t ion Average Individual, 

man-rem rem 

Undamaged Spent Fuel 
Continental She1 f 51 0 5.9 x 10-4 

Deep Ocean 100 1.1 x lo-4 

Damaged Spent Fuel 
Continental She1 f 1 x 105 0.11 
Deep Ocean 100 1.1 x 10-4 

HLW (Pl utoni um Package) 

Continental She1 f Not provided Not provided 

Deep Ocean 100 1.1 x lo-4 
- - - --- - 

under abnonnal conditions , while nonradiol ogical impacts could a1 so pose probl ems under 
normal operating conditions. 

Transportation-re1 ated impacts for those act1 v i t i e s  occurring before the waste material 

was loaded on the ships would be s imi lar  t o  those f o r  a mined geologic repository. Once t he  
material was 1 oaded onto the ships, impacts t o  the marine envirorment would have t o  be consi- 

dered. I n  the  case o f  potent ia l  accident condit ions a t  sea, the design o f  the waste trans- 
port ing vessel s t o  inc l  ude double h u l l  s and bottoms would reduce the 1 i kel i hood o f  re1 easing 

harmful material i n t o  the envf ronnent. 

There are several uncertainties t h a t  l i m i t  the a b i l i t y  t o  predict  natural system impact 

1 eve1 s w i th  confidence. Of primary concern i s  a lack o f  understanding o f  i on  transport with- 
i n  the sediment and biosphere, including t he  benthic region, the water colunn and ocean l i f e  
forms. I n  addition, t he  extent o f  the i so l a t i on  ba r r i e r  tha t  the resealed sediment would 
provide a f t e r  emplacement i s  not clear. Each of these factors makes deta i led impact assess- 
ment d i f f i c u l t .  

Other subseabed disposal impacts ident i f ied,  but not quant i f ied by Bechtel (1979a), 

include minor a i r  missions fra construction equipnent, dust generation, and road, r a i l ,  and 

vessel missions. Construction-re1 ated impacts on water qua1 i ty  and vegetation as well as 

impacts on t he  marine envirorment resu l t i ng  fra dredging and breakwater construction ,could 

be l o c a l l y  s igni f icant.  Although these impacts were iden t i f i ed  by Bechtel (1979a), there are - 
no data tha t  indicate they would be signi f icant.  



Socioeconomic Impacts 

Because a major land repository would not be required under th is  option, the most 

important socioeconomic impacts would be attr ibutable to  transportation act iv i t ies.  

Transportation ac t iv i t les  f a l l  in to  three categories: (1) transportation of wastes on land 

to the port where the wastes would be transferred t o  the ship, (2) waste-handling 

ac t iv i t ies  at the port fac i l i ty ,  and (3) ocean transportation from the port f a c i l i t y  t o  the 

point where the material would be deposited i n  the seabed sediment. 

Socioeconomic impacts would be concentrated a t  the point where support ac t iv i t ies  Here 

most intense: at the port f a c i l i t y .  The nature of the ac t i v i t y  has led certain reviewers 

to conclude that one o f  the most significant factors associated with th is  disposal option 

would be d i f f i c u l t y  i n  finding a suitable dedicated (Bechtel 1979a). Moreover, they 
project moderate comnunity impacts and suggest that local socioeconomic impacts could reach 

signif icant levels. ... 
Detailed projections of the impact of implementing t h i s  disposal option on the public 

and pr ivate sectors could be made only on site-specif ic basis. Nevertheless, impacts would 

be expected i n  the coastal area near the port f a c i l i t y .  The to ta l  anticipated increase i n  

employment for a 5000 MTHM per year disposal system, although quite concentrated, i s  

expected t o  be less than 2000 people. 

Aesthetic Impacts 

The significance of aesthetic impacts would depend on the appearance and operating 

parameters o f  a f ac i l i t y ,  as ue l l  as on the extent t o  which it would be perceived by 

humans. For the subseabed disposal option, much of the waste-handling and trasportation 

ac t iv i t ies  would occur i n  remote areas of the ocean. Consequently, the .aesthetic impacts, 
regardless of the i r  nature, would not be sfgnificant. 

Aesthetic impacts near the port  fac i l i ty ,  however, could be loca l ly  signif icant. Such 
impacts could be accurately determined only on a site-specific bas1 s. However, it i s  

important to recognize that the required port f a c i l  i t f  es for a nuclear waste hand1 ing 

f a c i l i t y  would be substantial. 

. , 

Resource Consumpti on 

Use of energy and construction of seaport f a c i l i t i e s  and seagoing vessels would be the 

primary resource consuming ac t iv i t ies  i n th is  option. Energy would be consumed during land 

transportation, loading, and sea transportati on act iv i t ies. A quantitative estimate of 

energy consumption i s  provided i n  Table 6.1.13. 

The seaports would have f a c i l i t i e s  fo r  receiving railway casks containing the waste 

canisters and f o r  placing them i n  inter im storage. Interim storage pools should be able t o  

handle one-half of the anticipated yearly volume of wastes (2500 MTtl~)-md are expected to 



TABLE 6.1 .l3. Estimated Energy Consunption 

Spent Fuel HLW 

propane m3 . 2.4 x 104 1.0 x 107 
Diesel, m3 5.0 x 106 1.6 x 106 
Electricity,  KWh 2.0 x 1010 5.7 x 1010 

require an area within the boundaries of the port area subseabed support f a c i l i t i e s  of 2320 
18 (25,000 f t2)  (Bechtal 1979a). Other storage and transfer f ac i l i t i e s  would also be 
needed. The total  area required f o r  a l l  the required f a c i l i t i e s  is expected to  be over 3600 

. ha (8500 acres). 

Construction of the waste disposal ships w i t h  double hulls and bottoms, waste handling 
equipment fo r  1 oading, and carefully constructed compartments for holding the wastes duirng 
transportaton act ivi t ies ,  l ike  construction of the port f ac i l i t i e s ,  would lead t o  the 
consumption of s teel  and other basic construction materials. An estimate of the material 
consumption is provided in Table 6.1.14. 

International and Domestic Leqal and Institutional Considerations 

The subseabd disposal option, l ike  the island and ice sheet options, would require 
transporting waste rnateri a1 over the ocean, and the genera1 international imp1 ications of 
such transportation are important. 

Any implementation of subseabed disposal is fa r  enough in the future that many current 
legal and polit ical trends could change. However, it is not too early to  identify 
important problems, so that possible developments could be foreseen and control1 ed. 

The use of subseabed disposal would be governed by a complex network of legal 
jurisdictions and act ivi t ies  on both national and international levels. Domestic use of 
subseabed disposal of radioactive waste would require amendment of the U S .  Marine 
Protection, Research, and Sanctuaries Act of 1972 (The Ocean Dumping Act) which currently 
precludes issuance of a permit for  ocean dumping of high-1 eve1 radioactive waste. 

Table 6.1.14. Estimated Material Consumption for  Ship and 
Faci l i ty  Construction ( in  MT) 

HLW 
Carbon Steel 2 8 2 x  
Stainless Steel 83,500 22,500 
Components 

C hron i urn 14,200 4,600 
Nickel 7,500 2,000 
Tungsten --- --- 
C O P ~ ~  1,400 1,900 
Lead 12,900 . 2,900 
Zinc 1,200 600 
A1 uminum 13.990 1.400 

The London Convention of 1972, a mu1 tinational t reaty on ocean disposal, addresses t h e .  

problem of dumping of low-level and TRU wastes a t  seb and bans the sea dumping of high-level 



wastes (Deese 1976). This treaty is currently being revised to deal more specifically and 
completely w i t h  the problem of dumping low-level and some TRU wastes. This treaty arguably 
does not preclude the controlled emplacement of high-level wastes or spent fuel into 
geologic formations beneath the'ocean floor. However, the intended prohibition of the 
treaty would require clarification. 

Subseabed disposal might offer the important political advantage of not directly 
impacting any nation, state, or locality. Likewise,. the alternative might have the 
disadvantage of incurring risk t o  nations that do not realize the benefits of nuclear power 
generatf on. 

Assuming that the real impact uncertainties associated wi th  the subseabed concept uere 
resolved, the primary political disadvantage of subseabed disposal would be its possible 
perception as an ecological threat to the oceans. If publics, governments, and 
international agencies were to view such disposal as merely an extension of past ocean 
dumping practices, implementation would be difficult if not impossible. However, if this 
option were understood as involving .disposal i n  submarine geolgoic f ormations that have 
protective capacities comparable to or greater than similar formations on land, opposition 
might be less. 

6.1.4.5 ,Potential Impacts Over the Long Term (Postemplacement) 

Potential Events 

Earthquakes, volcanic action, major climatological and circulational changes, and 
meteorite impacts are 'examples of natural processes that might affect subseabed containment 
stability. Careful selection of the ocean area would minimize the probability of the f i r s t  
three events occurring. ' There i s  no known method of minimizing the probability of 
meteorite fmpact other than concentrating emplacement, which, while reducing the random 
target area, w u l d  correspondingly increase the potential consequences if a meteorite d i d  

strike. On the other hand, other damage caused by any meteorite that could penetrate 5 km 
(3 m i )  of water would make the release of emplaced radioactive waste insignificant. 

For H L W  disposed of i n  a subseabed repository, a very low probability for cr i t ica l i ty  
i s  assumed because of the great distances between canisters at the bottom of the sea. For 
spent fuel, the probability of cri t icali ty might be somewhat greater because of the higher 
f iss le  content of a single canister. 

Since the s i t e  would be located i n  a part of the ocean w i t h  no known materials of 
value, future human penetration would be highly unlikely. 

Potential Impacts 

Two models have been developed by 6r.lmwood and Webb (1976) to  ch~racterize the 
pbsical transport and mixing processes i n  the ocean, as well as fncorposation in mart ne 



food chains. and ultimate consumption of seafood and radiation exposures to  man. A1 though 
there is some question as to the applicability of these models to the subseabed disposal 
option, the follouing sumnary of resul ts  usfng these models i s  presented until  such time as 
better estimates of radiation exposures t o  man from subseabed disposal are available. 

The indivi dual doses resulting from the consumption of surf ace fish, deep-ocean f i sh,  
or plankton are expected t o  be well below the maximum permissible levels. External indi- 
vidual doses(') from contamination of  coastal sediments are expected to  be fractions of 
the ICRP dose limit for both s k i n  and whole body irradiation. The largest annual internal 
population doses to the whole body and bone due to the consumption of surface f i sh  would be 

4 5 about 4 x 10 and 10 man-rems, respectively. The largest annual external population 
4 doses from contaminated sediments would be about lo3 t o  10 man-rems for both skin and 

whole body. These large population doses would occur during the early stages of 
postempl acement and would decrease during the 1 ater stages. 

As an attempt to  provide a further yardstick against which to  compare the resul ts  of 
the calculations, Table 6.1.15 gives. the concentrations of nuclides predicted by the 
modeling, as well as the natural activity in seawater. 

6.1.4.6 Cost Analysis 

An estimate of capital, operating, and decomni ssiong costs for  subseabed disposal has 
been made for  both spent fuel disposal and HLW disposal (Bechtel 1979a). Both are based on 
penetrometer empl acement. A1 1 estimated costs are i n  January 1978 do1 1 ars . 

TABLE 6.1.15. Levels Of Natural And Wastes Radionuclides In Seawater 

Max Widespread Surface Glater 
Conc. Predicted From Post ul ated 

Natural Activit In 3 Mast Disposal Operation, 
k c 1  ide Seawater, Cilm C i l a n  9 (No Containment) 

Actinides . 

F'b-210 
Pb,-210 
Ra-226 
Th-230 
Th-234 
U-234 
U-2 38 
Pu-239 

Fission Products 
H-3 
Sr-90 
1-1 29 
CS-137 

(a) Based on world population 



I n  each case, only those costs associated wi th  and peculiar t o  subseabed disposal are ad- 

dressed. Facil  i t i e s  canmon t o  a1 1 disposal options under consideration, such as transporta- 

t i o n  and geologic repository f a c i l i t i e s ,  are not spec i f i ca l l y  addressed. 

Capital Costs 

The capi ta l  costs f o r  the subseabed disposal a l ternat ive are categorized as follows. 

Seaport In ter im Storage Fac i l i t y .  This i ns ta l l a t i on  would provide receiving f a c i l  i t i e s  

f o r  5,000 MTWyr of spent fuel assemblies i n  10,200 canisters. It would a1 so be designed .to 
provide in ter im storage f o r  5,000 canisters (2,500 MTHM). The same f a c i l i t y  would receive 

the HLW and h u l l s  from a 5,000 MTWyr fuel  recycling system. Inter im storage would be pro- 
vided f o r  3,100 o f  these canisters a t  the port f ac i l i t y .  

t 

The seaport inter im storage f a c i l i t y  would be s imi lar  t o  a packaged fue l  receiving and 

in ter im storage f a c i l i t y  (Bechtel 1977) appropriately adjusted f o r  size and waste form. The 

capi ta l  cost estimates are $240 m i l l i o n  for the  spent fue l  case and $190 m i l l i o n  f o r  the  HLW 
' 

case. 

Por t  Fac i l i t r .  The po r t  f b c i l i t i e s  for both disposal cases are assuned t o  be ident ica l  

f o r  cost  estimating purposes. The capi ta l  cost estimate i s  based on a recent estimate o f  an- 

other f a c i l  i t y  (Bechtel l979a). The estimate f o r  t h i s  port  i s  $24 m i l  1 ion. 

Disposal Ships. The two disposal ships f o r  the spent fuel  case would have a capacity of 

1,275 canisters each, while those f o r  the HLW case would have a capacity o f  775 canisters 

each. Since the canister capacity di f ference would be o f f s e t  by the heat load and cooling 
requirement difference, the ships are assuned t o  be ident ica l  f o r  estimating purposes. 

The capi ta l  cost estimate o f  the ships i s  based on an estimate f o r  a mining ship (Global 

Marine Developnent, Inc. 1979) appropriately adjusted. The estimated capi ta l  cost o f  the two 

disposal ships i s  $310 m i l  l i o n  ($155 m i l l i o n  each). ~ A t e  lawever tha t  sophisticated o f f -  

shore o i l  well  d r i l l  ing ships have been reported t o  cost  between $50 m i l l  ion and $70 m i l l  i on  

each (Compass Publications 1980) o r  about ha l f  the above estimate. 

Monitoring Ship. The capi ta l  cost f o r  the monitoring ship was estimated from avai lable . 

data f o r  oceanographic vessels. The estimate i s  $3.0 m i l l i o n  f o r  the ship and an addit ional 

$0.9 m i l l i o n  f o r  navigation and control, special electronics, and other surveil lance e q u i p  

ment and f o r  owner's costs. This brings the t o ta l  cap i ta l  cost t o  $3.9 m i l l  i on  (Treadwell 
and Kel l e r  1978). 

Operating Costs 

Operating costs f o r  the subseabed disposal concept are estimated on a per year basis 

based on 5,000 MTHM/yr o f  both waste forms (spent fue l  and HLW). This would r esu l t  i n  v i r -  

t u a l l y  the same sea transportation requirements (number o f  t r i p s  per fear). However, d i f -  
ferences would occur f o r  the HLW disposal case i n  years 1 through 9, when only hu l l s  would be 



processed and disposed of, and during years 41 through 49, when only HLW would be d is-  
posed of. 

The estimated year ly operating costs for the subseabed dfsposal concepts are presented i n  

Table 6.1.16. 

Operating costs associated wi th  the reference subseabed disposal concept but also canmon 

t o  other disposal concepts are assuned t o  be sfmi l  ar. These costs would f ncl ude trans- 
portatfon, AFR f a c i l i t f e s  ( f o r  the spent fuel), P/E f ac i l i t f es ,  and geologic repository 

f a c f l f  t i e s  (assuned f o r  t he  reference concept). 

~econnni ssi  oni ng Costs 

Decunmissioning costs par t i cu la r l y  associated with subseabed waste disposal operations 
w u l d  probably be l im i ted  t o  the seaport, inter im storage f ac i l f t y ,  the port f a c i l f t y ,  and 
the disposal ships. 5he monitoring ship f s not expected t o  be affected by radioactive waste 

during i t s  40 years o f  'operation. Any decmiss ion fng  costs associated wi th  the  monitoring 
shf p are assuned to be o f fse t  by i t s  salvage value, which resu l ts  i n  a zero net decan- 

missioning cost. 

The decmiss ion ing  cost o f  an AFR f a c i l i t y  f s  used as the basis f o r  the  decmissfonfng 

cost of the seaport in ter im storage f a c i l i t y  (Bechtel 1979b). These costs, based on 10 per- 
cent o f  capf t a l  cost excludl ng owner's cost, are approximately $23 m i l l  fon f o r  the spent f ue l  
disposal and approximately $18 m i l l i o n  f o r  the HLW dfsposal case. 

The decanmissioning costs f o r  the port  f a c i l i t y  and two disposal ships are the same f o r  
both waste forms and are estfmated t o  be about $2 m i l l i o n  and $29 mfl l fon, respectively, as- 

suafng 10 percent o f  capi ta l  cost less owner's costs. 

Costs f o r  decanmissioning other f a c i l i t i e s  associated wi th  subseabed disposal and camnon 

t o  other waste disposal al ternat ives are assuned t o  be similar. These f a c i l i t i e s  include AFR 
f a c i l i t i e s  ( f o r  the spent fuel), P/E f a c i l i t i e s ,  and geologic reposftory f a c i l i t i e s .  These 

I 

TABLE 6.1 -16. Estimated Operating Costs 

Faci l  i ty 
Estimated Cost, $ m i l l f o n l y r  

1 1 '  

Seaport Inter im Storage Faci l  f ty 
Years 1-9 --- 3.4 
Years 10-40 6.2 4.9 
Years 41-49 6.2 3.4 

Port Facf 1 i t y  1.5 1.5 

Disposal ' and Monitoring Shi ps 
Years 1-9 --- -14.5 
Years 10-40 20.9 20.9 
Years 41-49 . 20.9 14.3 



t o t a l  costs are estimated t o  be about $398 m i l l i o n  f o r  the spent fue l  disposal and $721 mi l -  

l ion f o r  the HLW disposal. 

6.1.4.7 Safeguard Regui rements 

Because t h i s  concept may involve both subseabed and mined geologic disposal, i t s  

imp1 ementation could &quire safeguarding two separate d l  sposal paths. The r i s k  o f  diver- 
sion f o r  the subseabed disposal concept would be pr imar i ly  a short-term concern because o f  
the remoteness o f  the disposal s i t e  and the major operational and equipnent requirements t ha t  
would have t o  be sa t i s f ied  f o r  re t r ieva l .  Physical protection o f  the sensit ive f ac i l -  

i t i e s  and transportation operations would be the most e f fec t i ve  way t o  deny access t o  the 

waste f o r  the short term, as i s  c m o n  t o  most waste disposal concepts. See Section 4.10 f o r  

additional discussion o f  predi sposal operations safeguards requirements. 



6.1.5 I c e  Sheet Disposal 

6.1.5.1 Concept Summary 

It i s  estimated that, Hi thout s ign i f icant  c l  fmatic changes, the continental i c e  sheets 
could provide adequate i so l a t i on  o f  high-level radioact ive waste f ran  the  earth's biosphere. 

However, the  long-term containment capab i l i t i es  o f  i c e  sheets are uncertain. Areas o f  uncer- 

t a i n t y  have been. reviewed by  g lac io log is ts  (Philberth 1958, Ze l l  er  e t  a1 . 1973, and Phi lberth 

1975). These reviewers c i t ed  the advantages o f  disposal i n  a cold, remote, in te rna t iona l l y  

held area and i n  a mediun t ha t  should i so la te  the wastes f ran  man f o r  many thousands o f  years 

t o  permit decay o f  the radioact ive canponents. But they concluded that, before i c e  sheets 

can be considered f o r  waste disposal applications, fu r the r  invest igat ion i s  needed on: 

Evolutionary processes i n  i ce  sheets 

e Impact o f  fu tu re  c l imat ic  changes on the s t a b i l i t y  and size o f  i ce  sheets. 
- + 

Most o f  the analysis i n  these studies spec i f i ca l l y  addresses the  emplacement o f  waste i n  
e i t h e r  Antarctica o r  the Greenland i ce  cap. Neither s i t e  i s  cur rent ly  avai lable f o r  waste 

disposal f o r  U.S. programs: Antarctica because o f  internat ional  t rea t ies  and Greenland be- 

cause it i s  Danish te r r i to ry .  

Proposals f o r  i c e  sheet disposal suggest three emplacement concepts: 

e Me1 tdown - emplaced i n  a shallow hole, the waste canister would melt  i t s  own way t o  the 
bottan o f  the i ce  sheet 

r Anchored emplacement - s imi lar  t o  meltdown, but  an anchored cable would al low re t r ieva l  
o f  the canister 

r Surface storage - storage f a c i l i t y  would be supported above the i c e  sheet surface wi th  
eventual slow melt ing i n t o  the sheet. 

Ice sheet disposal, regardless o f  the  emplacement concept, would have the advantages o f  

remoteness, low temperatures, and iso la t ing effects o f  the ice. Ch the other hand, transpor- 

t a t i on  and operational costs would be high, i c e  dynmics are uncertain, and adverse global 

c l  imatic e f fec ts  are a possibi l  ity. 

6.1.5.2 System and F a c i l i t y  Descript ion 

Systems Options 

The reference concept f o r  the i n i t i a l  i ce  sheet disposal o f  nuclear waste has been deve- 

loped fran a number o f  options available a t  each step fran the reactor t o  disposal i n  the i c e  

sheet. It includes the three basic enplacement options and was selected through judgnent o f  

a "most l i k e l y "  approach based on available information and i s  not supported by a detai led 

system engineering analysis. 

Various options t o  be considered f o r  ice sheet disposal are s m a d z e d  i n  Figure 6.1.14. 

The bases f o r  select ion o f  the options chosen for the reference design (those blocked o f f )  

are detai led i n  a va r ie ty  o f  source material c i t ed  i n  Appendix M. 
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FIGURE 6.1 . l4 .  Major Options f o r  I ce  Sheet Disposal o f  Nuclear Waste 



Because the options f o r  the waste disposal steps fran the reactor up to, but  not in- 

cluding, the transportation al ternat ives are s imi lar  t o  those f o r  a deep geologic reposi- 

tory, the options selected f o r  the reference design are s im i la r  f o r  the two concepts. From 

tha t  point on, the  options selected f o r  the reference i ce  sheet design are based on current 

program docmentation f o r  i c e  sheet disposal. 

Waste-Type Compatabi 1 i t y  

Ice  sheet disposal by me1 tdown has been considered pr imar i ly  f o r  so l id i f i ed ,  high-level 

wastes from nuclear fue ls  reprocessing. It would also be applicable f o r  d i r e c t  disposal o f  

spent fuel, without reprocessing, a1 though meltdown would be marginal i f  the fuel  were em- 
placed 2 years a f t e r  reactor discharge. The feas ib i l  i t y  o f  me1 tdown empl acement o f  cladding 

h u l l s  and fuel  assembly hardware i s  questionable because the canister heating ra te  from 

radioact ive decay would be less  than 1/10 t h a t  i n  HLW waste canisters. 

For most TRU waste, the heating r a te  would be less  than 1/1000 t ha t  expected i n  HLW waste 

canisters, and the meltdown concept does not appear t o  be feasible. Without blending with 
HLW, disposal o f  t h i s  waste would be 1 imited t o  storage i n  surface f a c i l i t i e s  on the i c e  o r  

emplacement i n  shallow holes i n  the ice. For these options, the  waste would be buried gradu- 

a l l y  i n  the i ce  sheet. Contact handled and remotely handled TRU wastes could be handled i n  a 

s imi lar  manner. Because o f  volume and cost considerations, TRU wastes are assuned t o  be 

p l  aced I n  other t e i r e s t r i  a1 repast to r ies  . 
Waste System Descript ion 

The i ce  sheet naste management system i s  detai led i n  Figure 6.1.15, This system concept 

i s  very s im i la r  t o  the very deep hole concept since both s p n t  fuel and the uranitan- 

p l  utoni un recycl e cases could. be treated and mined geologic reposi tor ies could augnent 

disposal. 

The reference i ce  sheet disposal concept i s  not ye t  w e l l  defined. None of the three 

basic empl acement concept a1 ternatives proposed i n  t he  1 i terature (Ba t te l le  1974, EPA 1979, 

and ERDA 1976) has been selected as a reference o r  preferred a1 ternative. Waste disposal by 
any one o f  these three concepts would be e i the r  i n  the Antarctica o r  Greenland ice sheets. A 
generalized schematic o f  the waste management operational requirements i s  provided i n  Figure 

6.1.16 (Bat te l le  1974). The schematic shows the basic system operations (EPA 1979): 

e Predisposal treatment and packaging a t  the reprocessing p lant  

e Transporting so l i d i f i ed  waste fran the reprocessing p l  ant o r  in ter im re t r ievable  surface 
storage f a c i l i t y  by truck, r a i l ,  o r  barge t o  embarkation ports 

e Marine transport by spec ia l ly  designed ships during 1 t o  3-month periods o f  each year. 

e Unloading the waste canisters a t  a debarkation f a c i l i t y  near the edge o f  the land mass 

e Transporting over i c e  by special surface vehicles o r  a i r c r a f t  on a year-round basis, as 
practicable - 

e Unloading and emplacing the waste canisters a t  the  disposal s i te.  
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- FIGURE 6.1.16. Schematic of Operations i n  Ice Sh e t  Disposal Systems 
f o r  High-Level Radioactive ~ a s t e s h 8 )  

Predispasal Treatment and Packaging. The predisposal treatment o f  waste f o r  the i ce  

sheet concept would be ident ical  i n  many respects t o  the predisposal treatment o f  waste f o r  

the mined geolagic repository concept. Chapter 4 discusses the predisposal systems f o r  both 

spent fuel  and HLW camcon t o  a l l  the  various a l ternat ive concepts f o r  waste disposal. 

Transportation and Handling. Transportation t o  the disposal s i t e  would probably be ac- 

canplished i n  three steps, as indicated above. F i rs t ,  a l l  the waste canisters would be 
loaded in to  heavily shielded transport casks for shipnent f ran the inter im storage s i t e  t o  

the embarkation port. Waste containers would accunulate a t  the embarkation port i n  the U.S. 
on a yearcround schedule. There, the canisters would be unloaded i n  a shielded c e l l  f a c i l i t y  

and examined f o r  leakage, contamination, damage, o r  other unsuitable conditions. The canis- 

t e r s  would be overpacked, transferred ind iv idual ly  t o  special ly designed casks, and loaded 

aboard a special ly designed transport ship f o r  shipnent t o  the i ce  sheet, kceptab le canis- 
t e r s  could also be stored f o r  up t o  a year i n  an inter im retr ievable surface storage f ac i l -  

i t y  (Szul insk i  1973). Any unacceptable canister would ei ther be corrected on s i t e  o r  re 
turned the reprocessing pl ant o r  another appropriate hand1 ing f a c i l  ity. 

Landing and discharge operations a t  the ice sheet would require special f a c i l i t i e s  and 

would be l im i ted  t o  the sumner months. A t  the debarkation port, the casks would be'in- , 

spected and unloaded onto overcice transport vehicles. After transport t o  the  disposal site, 
1 

the canisters would be lowered fran the casks t o  the emplacement s i t e  and the casks would be 

recycled back t o  the embarkation port. An a1 ternat ive transportation mode would be t o  f l y  

the waste canisters f ran the debarkation s i t e  t o  the emplacement s i te.  
- 



It appears possible, as an alternative, tha t  the same shipping cask might be used f o r  

hand1 ing a waste can1 ster f i r s t  a t  the reprocessing plant, then f o r  marine transport t o  the 

i c e  sheet, and f i n a l l y  f o r  over-ice transport to the disposal site. 

Debarkation ports on the i ce  sheets with handling systems f o r  unloading casks d i rec t l y  
onto the o v e ~ i c e  transport system would be possible I n  the Antarctic o r  i n   ree en la rid, but . 

might be very expensive. The current ly preferred alternative i s  t o  dock the transport ship 
a t  a land-based port i n  an ice-free area t o  unload the casks i n to  the o v e ~ i c e  transport 

vehicles. 

Emplacement. The uaste canisters would be disposed o f  using one o f  the three basic cow 
cepts described i n  deta i l  below. 

The meltdown or  free f low concept i s  shown i n  Figure 6.1.17 (ERDA 1976). Waste would be 
disposed of by ;electing a suitable location i n  the ice  sheets, p redr i l l i ng  a shallow hole, 
lowering the canister in to  the hole, and allowing i t  t o  melt down or  free f low t o  the ice 
sheet base and bedrock beneath (EPA 1979). 

The suhace holes would be predri l  led to depths frun 50 t o  lOOm and would provide pro- 
tect ive shielding fran radiat ion during canister emplacement. To avoid individual canisters 
in ter fer ing with each other during descent and possible concentration a t  the ice  sheet base, 
the suggested spacing between holes i s  about 1000 m. 

The canister meltdoun rate i s  based on calculations frcm the penetration rates o f  ther- 

be on the 
m (9900 ft) 

FIGURE 6.1 .17. Ice sheet Emplacement Concepts 



An important factor i n  t h i s  concept would be the design and shape o f  the canister, which 
should help assure a vert ical  path fran surface t o  bedrock. I n  addition t o  the canister de- 

sign and shape, the type o f  construction materials would be important. Specifications fo r  
these materials would have t o  include consideration o f  differences i n  ice sheet pressure and 

the possib i l i ty  o f  saline water a t  the icelground interface. A mult ibarr ier approach that  
gives consideration t o  the to ta l  waste package and i t s  emplacement emiroment would be re- 
quired. This approach would be equally appl icable to the anchored emplacement and surface 
storage a1 ternatives. 

The anchored emplacement concept, a1 so shown i n  Figure 6.1.17, would require technology 
simi lar t o  that required by the meltdown o r  free flow concept described above, the difference 

being that  t h i s  concept would allow fo r  interim ret r ieval  o f  the waste (EPA 1979). Here, 
cables 200 t o  500 m (660 t o  1650 ft) long would be attached t o  the canister before lowering 

i t in to  the ice sheet. After emplacement the canister would be anchored a t  a depth corres- 

ponding to  cable length by anchor plates on o r  near the &face. The advantage over the 
meltdown concept i s  tha t  instrunent leads attached t o  the lead cable could be used t o  monitor 
the condition o f  the canister af ter  mplacment. 

Following emplacement, new snow and i ce  accmulating on the surface would eventually 

cover the anchor markers and present d i f f i c u l t i e s  i n  recovery o f  the canister. The average 
height o f  snow and ice  accumulating i n  the Antarctic and Greenland i s  about 5 t o  10 m/yr (2 

t o  4 in./yr) and 20 Wyr (8 in./yr), respectively. However, c l imatic changes might resul t  
i n  a reversal o f  t h i s  accunulation with i ce  being removed fran the surface by erosion o r  sub- 

limation. I f  continued fo r  a long period o f  time such ice surface losses could expose the 

wastes. Recovery o f  canisters 200 t o  400 years after enplacement might be possible by using 

20-m (66-ft)-high anchor markers. It would take about 30,000 years for  the ent ire system t o  

reach ice/ground interface a t  a typical site. During tha t  time, the canisters and anchors 
muld  tend t o  fol low the flow pattern o f  the ice (Battel le 1974). 

The surface storage f a c i l i t y  concept would require the use of large storage uni ts  con- 

structed above the snow surface (EPA 1979). The fac i l i t i es  would be supported by jack-up , 

p i l ings or piers rest ing on load-bearing plates, as shown i n  Figure 6.1.17. The waste canis- 

ters would be placed i n  cubicles inside the f a c i l i t y  and cooled by natural d ra f t  air .  The 
f a c i l i t y  would be elevated above the ice surface for as long as possible t o  reduce snow 

d r i f t i n g  and heat dissipation. bring t h i s  period, the waste canisters would be retrievable. 
However, when the l i m i t  o f  the jack-up p i l ings was reached, the entfre f a c i l i t y  would act as 

a heat source and begin t o  melt down through the ice sheet. It i s  estimated that  such a 
f a c i l i t y  could be maintained above the ice fo r  a maximun o f  400 years a f te r  construction 

(Battel l e  1974). 

Retrievabil ity/Recoverabil ity. Waste disposed o f  using the me1 tdown empl acement concept 

would be retrievable fo r  a short period, but  movement down in to  the ice and successful -- 



deploynent o f  the concept design mu ld  quickly render the waste esSentially irretrievable. 
Recovery i s  also considered nearly impossible. Retr ievabi l i ty fo r  the other tw  emplacement 

concepts i s  indicated i n  the discussions above. 

6.1.5.3 Status o f  Technical Development and R8D k e d s  

Present State o f  Developnent 

Ice sheet disposal i s  i n  the conceptual stage o f  developnent and an extensfve RID pro- 
gram would be required t o  implement an operational disposal system (EPA 1979 and WE 1979). 
Current techno1 ogy appears adequate fo r  i n f  t fa1 waste canister empl acement using the con- 

cepts described. Necessary transportation and log is t i cs  support systems could be made avail- 

able with additional R&D. The capabi l i ty o f  ice sheets t o  contain radioactlve waste f o r  long 
periods o f  time i s  a t  present only speculative, because o f  l im i ted  knowledge o f  i c e  sheet 

s t a b i l i t y  and physical properties. Veri f icat ion o f  theories that  support Ice sheet disposal 
would require many years o f  extensive new data col lect ion and evaluation. 

Techno1 ogical Issues t o  be Resolved 

Key technical issues tha t  would have to  be resolved f o r  developnent o f  the i ce  sheet dis- 
posal concept include: 

Choice o f  Waste F o n  

r Behavior o f  glass o r  other uaste forms under polar conditions 

e h b i l i t y  o f  container t o  withstand mechanical forces. 

Design o f  Shipping System f o r  Polar Seas 

0 Extremes o f  weather and emirormental conditions expected 

r Debarkation port design 

r Ship design 

r Cask design 

r decovery system f o r  cask l o s t  at sea. 

Design o f  Over-Ice Transport 

r Crevasse detector 

r Navigational aids 

r Ab i l i t y  t o  traverse surface irregular i t ies, snow dunes, and steep ice slopes 

r Maintenance o f  road systems 

r Recovery system f o r  l os t  casks. 

Design o f  Monitoring f o r  Emplaced Waste - 
a Location, integri ty,  and movement o f  empl aced canisters 



Radioactivity o f  water a t  i ce rock  interface 

Hydrologic connections t o  open oceans and effects on ice stabi l i ty .  

I n  addition, there are serious issues connected wfth the a b i l i t y  t o  adequately predict 

lohg- ten ice sheet behavior, including rates o f  motion within the sheet, the physical state 

and rates o f  i c e  flow, movement of meltwater at the base o f  the sheet, and the long-term sta- 

b i l i t y  o f  the tota l  sheet. 

R&D Requirements t o  Make System Operational 

RBD requirements t o  resolve these issues may be grouped i n  t e n s  of those related t o  the 

handling, transportation, and emplacement of the waste, and those related t o  obtaining basic 

information on ice sheets. I n  the former group; R&D would be required i n  the areas o f  waste 

forms (content, shape, and materials), transportation (shielding, casks, ships, a i rcraf t ,  

ove r i ce  vehicles), f a c i l i t i e s  (port, hand1 ing, inspection, repair), and supply log is t i cs  

(fuel, equipnent, personnel requirements). Research needs applying t o  i ce  sheets would fn- 
c l  ude determination o f  ice sheet movement and stabi l  i t y  through geol ogical/geophysical ex- 

plorat ion and ice movement measurements, studies o f  i c e  f l o w  mechanics including effects o f  

bottom water layers, studies of global and polar climatology, and acquisit ion and analysis o f  

meteorol og ical  and env ironnental data. 

Estimated Implementation Time and R&D Costs 

If the ice sheet disposal concept were to  prove viable, the time required to achieve an 
operating system i s  estimated t o  be about 30 years a f te r  the s ta r t  o f  the necessary research 

progran. The research progran i t s e l f  would require about 15 years o f  a c t i v i t y  directed pr i -  

mari ly toward improved understanding of ice sheet conditions, selecting an emplacement me- 

thod, ident i fy ing and assessing ice sheet areas most suitable f o r  the method selected, and 

research and preliminary developnent of systems unique to  the part icular emplacement method 

and site. Should the research program culminate i n  a decision t o  proceed with project de- 

velopnent, an additional period of 12 t o  13 years would be required to  implement an opera- 

t ional disposal system. 

R&D costs f o r  ice sheet disposal are estimated to  be $340 m i l l i on  ( i n  1978 dollars) f o r  
the i n i t i a l  research and preliminary developnent program and between $570 m i l l  ion and $800 

m i l  1 ion  fo r  devel opnent, depending on the empl acement mode chosen. 

Summary 

Major uncertainties, shortcanings, and advantages o f  the concept are sunmarfzed below: 

e The envirorment involved i s  non-benign to  men and equipnent, and the transportation 
1 imitations are severe. 

e Understanding and perfonance assessment of the subsurface mechanisms o f  transport and 
package degradation are not developed t o  any degree. 

- 
The concept does have the capacity f o r  mult iple barriers. 



e The capabi l i ty  f o r  correct ive action over a long period i s  uncertain, and s i t e  selection 
c r i t e r i a  and performance assessment capabi l i ty  are nonexi stant. 

e No s i t e  i s  currently, o r  potent ia l ly  i n  the future, avaflable t o  the U.S. f o r  R&D. 

6.1.5.4 Impacts of Construction and Operation (Preemplacement) 

Health impacts,. both 'radiological and nonradiol ogical , and natural system impacts are 

analyzed be1 ow. 

Health Impacts 

Radiological impacts would i n  many ways be s imi lar  t o  those f o r  mined geologic df sposal 
but would have the added problem o f  extensive inter im storage. Nonradiologic impacts might 

occur both as a resu l t  o f  routine operations o r  i n  abnormal o r  accidental conditions. 

Radiological Impacts. Ice sheet disposal would be d i f fe ren t  f ran  the mined geologic re- 
posi'tory and other al ternat ives because o f  the requirement f o r  extensive inter im storage o f  

e i ther  processed waste o r  spent fuel. Such storage would be necessary because lead t i k s '  f o r  
research, developnent, and test ing are 10 t o  30 years longer than those f o r  geologic disposal 
(DOE 1979). ~ u r i n g  t h i s  tfme, radiological e f fects  m u l d  fnclude doses t o  occupational per- 
sonnel, the normal release o f  radioactive ef f luents  t o  the atmosphere, and the potential f o r  

accidental release o f  radioact iv i ty.  A t  t h i s  time, no studies are available tha t  provide a 

quant i tat ive estimate o f  these impacts; howver, i t  i s  expected t h a t  they would be s imi lar  t o  

those f ran fue l  storage f ac i l i t i e s .  

Preparation o f  uaste f o r  ice sheet disposal would be s imi lar  t o  that  f o r  mined geologic 
disposal methods. tikevii se, the radio1 ogical e f fects  associated 'with t h i s  option are as- 
smed t o  be simi lar t o  those associated wi th  geologic disposal methods. The radiological  

r i sks  and impacts f ran the transportation o f  the waste would be to the Ar t i c  o r  Antarctic es- 
sen t ia l l y  the same as those discussed i n  subseabed disposal. The i ce  sheet disposal option I s  
not su f f i c i en t l y  developed t o  estimate the radfologfcal ef fects o f  rout ine operations on the 

ice sheet. 

Accidents while unloading a t  the ice shel f  seaport o r  during transport over the i ce  could 
create re t r ieva l  s i tuat ions tha t  would be d i f f i c u l t  f n  the polar enviroment. Quantitative 
estimates o f  the radiological impact o f  such accidents are not available. 

Nonradioloqical Impacts t o  Man and Envirorment. Potential mnradiological impacts could 
occur during a l l  phases o f  i ce  sheet disposal operations. As wi th  many o f  the a l ternat ive 
disposal strategies, impacts can be categorized as t o  whether they would occur during waste 

preparation, transportation, o r  emplacement ac' t iv i t ies.  I n  general, those Impacts associ- 
ated with transportation and emplacement would warrant the most analysis'. Waste preparation 
impacts would be simi lar t o  those f o r  other disposal strategies discussed earl ier. 



Occupational casual t i e s  frcin the nonpolar ac t i v i t i es  are expected t o  occur a t  rates typ i -  
ca l  o f  the indust r ia l  a c t i v i t i e s  tha t  would be involved, and t o  be independent o f  both t he  

nuclear and polar aspects o f  the rmainder o f  the system. Operations are rout ine ly  carr ied 
out wi th  nuclear systems and i n  the polar regions with safety comparable t o  t ha t  experienced 

i n  more familar envirorments. I n  a1 1 1 i ke l  ihood, the required large-scal e a c t i v i t i e s  could 
also be performed safely, wi th the polar conditions being re f lected i n  higher program costs 
ra ther  than i n  decreased safety. 

Accidents i n  processing and handling the waste material could occur before the material 

reaches the  embarkation f ac i l i t y .  Impacts resu l t ing f ran such accidents are carmon t o  v i r tu -  
a l l y  a l l  o f  the a l ternat ive disposal options. Other impacts would be v i r t u a l l y  ident ica l  t o  

those o f  the subseabed disposal opt ion because i n  both cases the  material would be trans- 
ported to a coastal location. 

Nonradiological health e f fects  f o r  ac t i v i t i es  t h a t  would occur on the i c e  sheet under 
abnormal condit ions have not been studied extensively. Occupational impacts would occur, but  
as stated above, i t  i s  not expected tha t  polar conditions w i l l  s i gn i f i can t l y  a l t e r  the leve l  
o f  effects anticipated.  on-occupational e f fects  would be even less  signi f icant,  r e f l ec t i ng  
the lack o f  hunan a c t i v i t y  on the i c e  sheets. 

Natural System Impacts 

Quant i tat ive estimates o f  the radiological impact o f  i c e  sheet disposal on the ecosystem 
are not available. These impacts are expected t o  be small because there are very few 1 i v i ng  
organisms i n  the polar regions, except a1 ong the coast1 ine. Monradiol ogical ecological im- 
pacts a t  the  disposal s i t e  are d i f f i c u l t  t o  characterize because o f  a lack o f  understanding 
o f  the processes occurring i n  polar enviroments. The present understanding o f  impacts on the 

g lac ia l  i ce  mass o r  the d r y  barren val leys o f  Antarctica i s  1 imited. The e f f ec t  o f  the heat 
t ha t  would be produced by the wastes on the i ce  o r  the potential geologic host media remains 
unclear .' 

A i r  impacts would resu l t  f ran the  canbustion products o f  oveeice transport vehicles, 

supporb a i rc ra f t ,  and fuel consumed f o r  heating the f a c i l i t i e s  a t  the various sites. kt 
present, the e f fec ts  of these products are not considered a major problem. 

Few, i f  any, ecological impacts are expected near the  disposal s i tes  because the plant 
and animal l i f e  are confined mostly t o  the coastal areas. Access routes and a i r  t r a f f i c  
lanes could be made to avoid as much as possible the feeding, nesting, and mating spots o f  

the b i rds and animals t ha t  inhabi t  the coastal areas. Fuel sp i l l s ,  equipnent emissions, and 
general transportation support a c t i v i t i e s  could lead t o  sane loca l ized impacts along the 

transportation disposal ,corridors. Few, if any, other impacts on water are expected, except 
I ,  1 I 

f o r  a marginal increase i n  temperature o f  the water tha t  would be used f o r  oncethrough cool- 

i ng  o f  canisters during sea transport. The only other water uses w u l d  be f o r  consrnption by 
the 200 operating personnel, which would be obtained by melt ing the ice. 



Other possible land impacts considered i n  the reference study include accidental s p i l l  s 
of fuel and the probabi l i ty o f  fuel bladders rupturing during drop-offs. Rupture o f  the fuel 

bladders i s  considered to  be a high r i s k  because the fuel i s  capable o f  penetrating the snow 
and could reach the underlying ice where it would remain un t i l  evaporated or eventually 

buried by additional snow. kc identa l  s p i l l s  could reach the ocean i f  the incident occurred 

near the edge o f  the ice sheet. 

Sod oeconomi c Impacts 

Socioeconomic impacts fo r  the ice sheet disposal option would be similar t o  those fo r  the 

island and subseabed d l  sposal options. &cause these options are s t i l l  a t  the concept level, 

however, detailed socioeconomic assessments are not possible. I n  general, socioeconanic 

impacts would be experienced h e r e  handling facf 1 i t i e s  are constructed and operated. 

Impacts that  might be expected where hand1 ing f a c i l  i t i e s  would be constructed include 
disruptions o r  dislocations o f  residences o r  businesses; physical or  public-access impacts on 

histor ic,  cultural, and natural features; impacts on public services such as education, u t i l -  
i t ies ,  road systems, recreation, and health and safety; fncreased tax revenues i n  jur isdic- 

t ions &ere fac i l  i t i e s  would be.located; increased local expenditures fbr .services and 
materials; and social stresses. 

The operating work force required for  a dock f a c i l i t y  would l i k e l y  be cunparable to  tha t  
f o r  any moderate-size manufacturing fac i l  i t y  and impacts would vary with location. Impacts 

would be pr imari ly i n  housing, education, and transportation, K i th  no signif icant impacts on 
municipal services. ' Impact costs muld  presunably be o f fse t  by revenues, but socioeconomic 

considerations a t  t h i s  stage are not easily quantified. 

Aesthetic Impacts 

Aesthetic impacts are expected t o  be insignif icant because o f  
and the lack o f  permanent residence population (EPA 1979). 

Aesthetic impacts f o r  the ocean transportation ac t i v i t i es  and 
w u l d  be very 1 imited and similar t o  those o f  subseabed disposal. 

the remoteness o f  the area 

enbarkation fac i l  i t i e s  

The waste packaging and 
transportation ac t iv i t ies  that would be a part o f  the i ce  sheet dfsposal process would have 
aesthetic impacts .similar t o  those o f  mined geol ogic repositories. Noise, fug i t i ve  m is -  
sions, and the appearance o f  f a c i l i t i e s  and equi p e n t  used t o  prepare and transport the waste 

material are canmon to  a nunber o f  disposal options. These impacts are generally reviewed i n  

Chapter 4. 

Resource consumption 

hedisposal ac t iv i t ies  would include packaging and,transportation.of spent fuel t o  sea- 
ports for  shipnent t o  the receiving port a t  the ice sheet, i f  spent fuel were disposed o f  

rather than reprocessed waste. If reprocessing o f  spent fuel were undertaken, then predis- 
posal ac t iv j t ies  would also include conversion o f  the waste to  a high-integrity form, l i k e  



glass, before transportation to seaports. The resource requirements of these activi t ies 
have been discussed elsewhere i n  this document for other disposal alternatives, and would 
be the same for ice sheet disposal, except for differences i n  transportation routings. 

Little quantitati ves information exists on the energy, resource, and 1 and requirements 
unique to ice sheet disposal. Ice sheet disposal would require construction of ships, air- 
planes, and over-the-ice vehicles that would not be required for other disposal alternatives. 
A greater number of shipping casks would also be required, because of the long cask turn-  
around time. 

Transporting the waste material to its final destination across the ice fields would also 
require expenditure of energy. Either surf ace or air transport would use large quantities of 
fuel because of the great distances involved. 

Some land impacts would probably be experienced i n  connection with the embarkation port 
2 facility. An area of about llol (0.4 mi2 )  would be required for the shielded cell and 

the loading dock facilities. The port facility would be equipped.with i t s  own separate 
water, power, and sewer systems to assure maximum safety. The over-ice transport routes 
would include an area at the edge of the ice sheet, ice shelf-edge, and ice-free areas on 
land for unloading the shipping casks. ~ p p a x i n a t e l ~  six support and fueling stations would 
be required along the transport route to the disposal area. Land requirements at the dis-  

posal site are estimated at 11.m km2 (4.2000 mi2) for waste from a plant producing 5 , 
HTHM/d4y based on a waste canister spacing of oneRm. 

International and Domestic Legal and Institutional Considerations 

The ice sheet disposal option, like the island and subseabed options, would require 
transporting waste material over the ocean, and the general international implications of 
such transportation are important. 

Numerous legal and institutional considerations would emerge if the Ice sheet disposal 
concept were seriously pursued i n  either Greenland or Antartica. In the case of Greenland, 
treaty arrangements would have to be made w i t h  Denmark because Greenland is  a Danish 
Territory. 

In the case of Antarctica, a number of treaties and agreements exist that could affect 
the use of the ice sheets for storage and disposal of radioactive material. Disposal of 
waste in Antarctica is  specifically prohibited by the Antarctic Treaty of 1959, of which the 
United States is  a signatory (Battelle 1974). The treaty may be renewed after i t  has been i n  
effect for 30, years, or amended at any time. 

Outcomes of two meetings ref1 ect the current range of international attitudes toward ice 
sheet waste disposal. One attitude was expressed i n  a resolution passed by the National 
Academy of Sciences, Cornnittee on Polar Research, Panel on Glaciology, at a meeting i n  
Seattle, Washington, May, 1973. The resolution neither favored nor opposed ice sheet waste 
disposal as such. However, a statement from a second meeting, on September 25, 1974, i n  
Cambridge, England, attended by scientists from Argentina, Australia, Japan, Norway, the 
United Kingdom, the United States, and the USSR, recomnended that the Antarctic ice sheet 
not be used for waste disposal. 



6.1 -5.5 Potential Impacts over the Long Term (Postempl acement) 

Potential Events 

Long-term impacts with the greatest potential significance are related to'glacial 

phenomena tha t  are not well understood. For example, i ce  dynamics and cl imatic variations 

affecting glaciation might be altered by waste disposal act iv i t ies.  Regardless o f  *ether 

meltdown, anchored emplackent, or surface storage were used, potent ial ly major modifica- 

t ions i n  the del icately balanced glacial enviroment could occur. 

One o f  the major areas o f  uncertainty stems from our 1 imited understanding o f  ice sheet 

conditions. L i t t l e  i s  known o f  the motion o f  the continental ice sheets except for  surface 

measurements made close to the coast (Gow e t  a1 . 1968). Three general types o f  f l ow  have 

been defined-sheet fl&, stream flow, and ice-she1 f movement (Mellor 1959). Each type o f  

f low appears to  possess a characteristic velocity. It i s  a1 so be1 ieved that  i c e  sheets h e r e  

bottan melting conditions exist  may move almost as a r i g i d  block, by s l id ing over the be& 

rock. Where there i s  no water at the icebedrock interface, i t  i s  believed that  the ice 
sheet moves by shear displacement i n  a re lat ive t h i n  basal layer. The formation o f  large 

bodies o f  water fran the waste heat could affect the equilibrium o f  such i ce  sheets. 

I n  addition, t w o  potential problems concerning the movement o f  the waste are unique t o  an 

ice sheet repository. First ,  the waste container w u l d  probably be crushed and breached once 

i t reached the ice/ground interface as a resul t  o f  ice/ground interaction. Second, the waste 

might be transported t o  the sea by ice  movement. 

Compared with other disposal schemes, the probabi l i ty o f  hunan intrusion m u l d  be very 
1 ow because tk disposal area would be 1 ocated i n  the most remote and inaccessible part o f  
the world, presently with a low p r i o r i t y  for  exploration o f  natural resources or  habitation. 

The lack o f  hunan ac t iv i ty  i n  these areas would markedly decrease the chance o f  hunans dis- 
turbing waste material emplaced i n  an ice sheet. Conversely, because o f  the remoteness of 

these areas they are re1 at ive ly  unexpl ored. Therefore they could at t ract  considerable future 

resource exploration. 

Potential Impacts 

After the waste i s  emplaced and man's control i s  re1 inquished or  lost,  possible impacts 

f a l l  into two broad categories. One o f  these relates t o  the reappearance o f  the radioactive 
waste i n  the envirorment , and the other involves the chance that the presence o f  waste would 

t r igger  changes i n  the ice sheets'that would have worldwide consequences. For options tha t  
would place the waste within the ice or  a t  the ice/ground interface, signif icant research 

would be required t o  predict future ice movements, accumulation o r  depletion rates, subsur- 

face water flow rates, f r i c t iona l  effects a t  the interface, and t r igger  mechani ms. A major 

purpose o f  t h i s  research w u l d  be t o  canpare the degree o f  sensi t iv i ty  o f  the predicted 

behavior t o  man's a b i l i t y  t o  forecast long-term situations such as global weather patterns, 

stabil i t y  o f  the ice sheets, and sea-level changes. - 



Specific areas o f  concern, as discussed be1 ow, are: 

e Effects o f  waste on ice sheet envirorment 

e Effects o f  i ce  sheet on waste 

Effects o f  waste on land envirorment. 

Effects o f  Waste on I ce  Sheet Environment. If waste canisters were allowed t o  reach o r  
approach the bottan o f  the ice, they could possibly generate suf f ic ient  heat t o  produce a 
water layer over a 1arge.portion o f  the bottom surface o f  the ice. Furthermore, melt pools 
around the canisters could conceivably coalesce and a1 so unite with any subglacial water, i n  
the disposal area, t o  form a large water mass wfthin the ice or  a t  the edge o f  the ice-bed- 

rock interface. Either event might t r igger  an increase i n  the v e l i i t y  o f  the ice mass and 
perhaps produce surging. It has been postulated that major surges i n  the East Antarctica ice 
sheet could affect solar ref lect ion and a1 te r  the sea 1 wel.  The most extreme ef fect  would 
be the start  o f  glaciat ion i n  the Northern Hemisphere (Wilson 1964). The accelerated move- 
ment could a1 so move emplaced material toward the edge o f  the ice sheet, possibly reducing 
the residence time. Basal ice sheet water could also conceivably form a pathway f o r  trans- 

p o r t i q  waste material frun the disposal area t o  the edge o f  the ice sheet, and thus t o  the 
ocean. 

Hypothetical dose calculations have been made for radionuclides re1 eased from an ice 
sheet disposal s i t e  in to the ocean o f f  the coast of Greenland (EPA 1979). On the basis o f  

assunptions tha t  a fa i lu re  occurs i n  the disposal system, the release o f  radionuclides i n to  
the Green1 and current o f  8 x 106 d/sec would be 0.3 percent/yr o f  the to ta l  inventory 

available. Complete mixing could occur i n  the ocean. Human pathways are assmed to  be 
mostly v ia f i s h  consunption. The maximun dose was considered t o  be fran an individual con- 

suning 100 kg/yr o f  f i s h  caught i n  these contaminated waters and i s  estimated to  be 0.2 
mrem/yr. Further discussion o f  radioactive releases to the ocean i s  included i n  Section 
6.1.4.5 on the subseabed concept. 

Effects o f  I ce  Sheet on Waste. Movement o f  the ice  sheet might cause shearing or crush- 
ing o f  canisters, allowing water t o  cane i n  contact with the waste form so tha t  leaching 
could occur. Such breakage would most l i k e l y  occur when the canisters are moved along the 
ice-bedrock interface. 

If major cl imatic changes were t o  produce an increase i n  temperature i n  the polar re- 
gion, the ice sheet might erode to such an extent that i t  would allow the waste t o  be much 

closer t o  the edge o f  the ice. The temperature increase could a1 so increase the veloci ty o f  
the ice movement toward the coast. , 

Effects o f  Waste on Land Environment. As i n  the case o f  space and subseabed disposal, 
geologic repository f a c i l i t i e s  are assuned t o  be constructed for  TRU and other wastes not 

I 

disposed of through the procedures established for the mdor i t y  of HLW.' Long-term effects 
could result  f ran these auxi l iary  act iv i t ies. These impacts would bc-similar t o  those 



described f o r  the mined geologic concept. The other land area t ha t  could be impacted i s  the 
region o f  dry barren valleys i n  Antarctica. If wastes were placed i n  t h i s  area, impacts would 

be very s imi lar t o  those o f  the mined geologic repository. The major difference would be tha t  
the ground-water regime i n  Antarctica would mostly a f fec t  remote frozen ground-water systems. 

Terrestr ia l  ecosystems i n  the Ice sheet regions under study f o r  disposal s i tes  are 

1 imited i n  diversity. Severe c l imat ic  conditions 1 i m i t  most organisms t o  the seaward margins 
o f  both Greenland and Antarctica. Consequently, the potential f o r  impact t o  t e r res t r i a l  
organisms i n  the i ce  sheet disposal i s  quite l imited. Potent ia l ly more s ign i f icant  are the 

long-term ecological e f fects  o f  any accidents t ha t  would occur on the land mass where the 
wastes were generated. As described i n  Section 5.6, these impacts should not be s ign i f icant  
unless an accident o r  encroachment occurs. 

6.1.5.6 Cost Analysis 

The cost o f  depositing nuclear wastes i n  i c e  sheets i s  current ly  expected t o  be rela- 
t i v e l y  high; higher, f o r  example, than the cost o f  geologic emplacement i n  the U.S. This i s  
pr imar i ly  because o f  the high costs f o r  F&D as presented i n  Section 6.1.5.3. Capital, oper- 
at ing , and d e c m i  ssioni ng cost estimates are presented below. 

Projected Capital Costs 

Projected cap i ta l  costs f o r  i ce  sheet emplacement o f  3000 MT/yr o f  spent fuel, o r  the 
wastes recovered frm processing t ha t  amount o f  fuel, are $1.4 b i l l i o n  t o  $2.3 b i l l i o n  as 
shown i n  Table 6.1 .IT. 

Projected Operating Costs 

Projected operating costs f o r  the emplacement o f  3000 MT/yr o f  spent fue l  o r  HLW are 
shown i n  Table 6.1.18. 

Decomnissioning Costs. 

Decanmissioning costs associated wi th  contaminated equipnent m u l d  probably be l im i ted  
pr imar i ly  t o  the shipping casks used t o  transport uaste canisters f o r  ice sheet disposal. 

These costs are estimated a t  $9.7 mi l l ion,  which i s  10 percent o f  the i n i t i a l  capital cost o f  
the shipping casks. Costs f o r  decmiss ion ing  other f a c i l i t i e s  and equipnent are assuned t o  
be s imi lar  t o  those f o r  other waste disposal alternatives. 

6.1.5.7 Safeguard Requirements 

Because the reference concept uses both i ce  sheet and mined geologic disposal, i t s  

implementation would require safeguarding two separate disposal paths. The r i s k  o f  diver- 
sion f o r  the meltdown concept would be bas ica l ly  a short-term concern because once the waste 

had been successfully disposed o f  i n  accordance wi th  design, i t  w u l d  be considered i r re -  
trievable. For the anchored and surface storage concepts, a1 though the waste would be con- 
sidered retr ievable f o r  as 1 ong as 400 years, the harsh envirorment i n  which it would be 



TABLE 6.1.17. Capital Costs For I c e  Sheet Disposal 
(M i l l  ions of 1978 Dollars) 

Case I. Meltdown o r  Anchored Emplacement: Surface Transportation 

1. Construction o f  Port F a c i l i t i e s  

2. Sea Transport Vessels 

3. I ce  Breakers 

4. Over-Ice Transport Vehicles 
5. D r i l l i n g  Rigs 

6. Monitoring Equi went 

7. Shipping Casks 
8. A i rc ra f t  
9. Support Faci l  i t i e s  

Case 11. Surface Storage 

1, Construction o f  Port Fac i l i t i e s  73 0 
2. Sea Transport Vessels 290 
3. Ice Breakers 190 

. 4. Over-Ice Transport Vehicles 100 
5. Surface Storage F a c i l i t y  500 
6. Monitoring Equi p e n t  50 
7. Shipping Cask 100 
8. A i rc ra f t  100 
9. Support Facil  i t i e s  190 - 

2250 

Case I I I. Me1 tdown o r  Anchored Emplacement: Aer i  a1 Empl acement 

1. Construction o f  Port F a c i l i t i e s  500 
2. Sea Transport Vessels 150 
3. A i r c ra f t  500 
4. Shi pping Casks 100 
5. Monitoring Equi p e n t  50 
6. Support F a c i l i t i e s  150 - 

1450 . - 



TABLE 6.1 -18. Operating Costs For Ice Sheet Disposal 

(Mil 1 ions o f  1978 Doll ars/Year) 

Empl acement Concept Nel tdown or Anchored Surface Storage 

Empl acement Method Surface Aerial Surface 

. Cost Cdtegory: 
Operating Personnel (a) 34 29 39 

Material & ~onsmables(b) 58 29 58 
Services & 0verheadc) 68 58 78 
Capital ~ e c o v e r ~ ( ~ )  - 175 - 141 - 224 . 

Total 335 257 399 

Based on $50,00O/man-year. 
Including $29 m i l  1 ion lyr  and $5 m i l  1 ion/yr port upkeep f o r  

surface and aerial m p l  acement, respectively. 
Based on twice the operating personnel costs. 

Based on 10 percent o f  capital expenditures (not including 
research and developnent costs). Encapsulation costs not 
i ncl ud ed . 

the equipment needed f o r  ret r ieval  would also make any r i s k  o f  diversion primari- 
l y  a short-tenn concern. Only minimun safeguards would be required a f te r  emplacement. Phys- 

ical  protection o f  the sensitive f a c i l i t i e s  and transportation operations would be the most 
effect ive way t o  deny access t o  the waste for  the short tern, as i s  cannon t o  most waste d is-  
posal a1 ternatives. See Section 4.10 f o r  additional discussion o f  predisposal operation 

safeguard requirements. 



6.1.6 Well In ject ion 

6.1.6.1 Concept Summary 

Me1 1 in ject ion technology was i n i t i a l l y  developed by the o i l  industry f o r  the disposal o f  

o i l  f i e l d  brines. These brines were usually pmped back in to the or iginal reservoir and, i n  
some cases, used to  "drive" the o i l  toward a producing well. The well in ject ion concept has 

subsequently been used fo r  the disposal o f  various natural and industrial wastes. The tech- 

niques developed i n  the o i l  industry handle l i q u i d  wastes only - particulate matter can cause 

blocking o f  the pores i n  rock. 

A well in ject ion process using grout was developed by Oak Ridge National Laboratory 
(ORNL) fo r  the in ject ion o f  remotely handled TRU l i q u i d  radioactive wastes i n to  shale strata 

(ERDA 1977). This technique i s  also suitable f o r  grout slurry wastes, and a new f a c i l i t y  i s  

now under construction a t  ORNL for l i qu id  and s lu r ry  waste in ject ion (ERDA 1977). Well 
in ject ion could be a 10; cost alternative t o  deploy and operate because o f  the widespread use 
o f  the required techniques and the "off-the-shelf1' ava i lab i l i t y  o f  the main canponents. Two 
reference methods o f  well in ject ion are considered i n  t h l s  section: deep well 1 iquid injec- 
t i o n  and shale grout injection. 

Deep w e l l  in ject ion would involve punpfng acidic l i qu id  waste to depths o f  1,000 t o  5,000 

m (3,300 t o  16,000 f t )  i n to  porous or  fractured strata suitably isolated from the biosphere 

by overlying strata that are re la t i ve ly  impermeable. The waste may remain i n  l i q u i d  form and 

might progressively disperse and diffuse throughout the host rock. This mobi l i ty  within the 

porous host media formation might be of concern regarding release t o  the biosphere. Ques- 
t ions have also arisen regarding the poss ib i l i t y  o f  subsequent reconcentration o f  certain 

radioisotopes because o f  t he i r  mobil i t y .  This could lead t o  the remote possibil i t y  o f  c r i t i -  

c a l i t y  if, fo r  instance, the plutoniun i s  reconcentrated sufficiently. Isolat ion from the 
biosphere would be achieved by negl igible ground-water movement i n  the disposal formation, 
par t icu lar ly  towards the surface, retention o f  nuclides due t o  sorption onto the host rock 

mineral skeleton, and low probabi l i ty o f  breeching by natural or  man-made events. The con- 
cept i s  not amenable to  a m u l t i p l i c i t y  o f  engineered barriers. 

For shale grout injection, the shale would f i r s t  be fractured by high-pressure water 
in ject ion and then the waste, mixed v f t h  cement and clays, would be injected in to suitable 
shale formations a t  depths o f  300 t o  500 m (1,000 t o  1,600 ft) and allowed t o  so l i d i f y  i n  

place i n  layers o f  t h i n  sol id disks. The shale has very low permeabil i t y  and probably good 

sorption properties. The in ject ion formations selected would be those i n  which i t  could-be 

shown that fractures would be created para1 l e l  t o  the bedding planes and would therefore r& 

main within the host shale bed. This requirement i s  expected t o  1 i m i t  the in ject ion depths 
to  the range stated above. Direct operating experience i s  available a t  ORNL f o r  disposal o f  

mu wastes by shale grout injection. The grout mixes have been designed t o  be leach resis- 
tan t  and hence the concept minimizes the mobi l i ty  o f  the incorporated radioactive wastes. 



Isolat ion fran the biosphere i s  achieved by low  leach rates o f  radionuclides from the hard- 
ened grout sheet, negl igible ground-water f low part icular ly up through the shale strata, 

retardation o f  nuclide movement by mineral s within the shal e strata, and low probabil i t y  o f  

breeching by natural o r  man-made events. 

6.1.6.2 System and Fac i l i t y  Description 

System Options 

The two reference concepts f o r  well in ject ion disposal o f  nuclear waste have been 
selected from a nunber o f  options available a t  each step fran the reactor t o  disposal a t  the 

we1 1 in ject ion fac i l  i ty.  These two concepts are judged as 'most 1 ikely" based on the status 
o f  current technology. A s m a r y  o f  various options t o  be considered for  well in ject ion dis- 

posal i s  ill ustrated i n  Figure 6.1.18, Additional pertinent data avail able on the options 

can be found i n  various source material l i s t e d  i n  Appendix M. 

Waste-Type Compati b i  1 i t l  

For both reference concepts the uaste form injected would be HLW. Since disassembly and 

sane processing would be necessary f o r  well injection, the concepts would be suitable f o r  
fuel cycles that recycle uraniun and pl utoniun, However, well in ject ion could a1 so be ap- 

plied t o  once-through fuel cycles a f te r  dissolution or  slurrying o f  spent fuels. I n  these 
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cases, the in ject ion l i qu id  would contain large mounts o f  actinides, which might af fect  the 

thermal properties and interact ion mechanisms o f  the waste i n  the host media. Well in ject ion 

might also be used t o  dispose o f  highheat-level part i t ioned wastes, which could re1 ieve high 

thermal loadings i n  a mined geologic repository f o r  example. Note tha t  re t r ieva l  would be 

d i f f i c u l t  and incanplete using either concept, although deep w 1 l  in ject ion would have more 

potential f o r  a t  least par t ia l  re t r ieval  than would the shal e-grout method, which would f i x  

the waste i n  a re la t i ve ly  insoluble solid. 

For deep well injection, the l i q u i d  waste would have t o  be substantial ly f ree from a l l  

so l id  matter t o  prevent clogging o f  the formation pores. F i l t r a t i o n  down t o  0.5 m par t ic les 

i s  typical  f o r  process waste in ject ion systems (Hartman 1968). The waste would have t o  

remain acidic t o  ensure tha t  a l l  the waste .products stay i n  solution. 

For shale grout ihec t ion ,  neutral i red  waste (sludge and supernate) would be mixed with - 

cement, clay, and other additives. 

Waste System Description 

The fuel cycle and process flows associated with the two reference options are i l l us -  

t rated on Figure 6.1.19. Signif icant features o f  these concepts are s m a r i  zed i n  Table 

6.1.19. 

Both concepts are based on res t r i c t ing  the maximun temperature i n  the in ject ion forma- 

t i on  t o  100 C (212 F) , assuning a geothermal gradient o f  15 C/km (44 F/mil e) , t o  avoid unde- 

sirable mineral ogical ef fects that  w u l d  occur a t  higher temperatures. (For example, canpar- 
a t i ve ly  1 arge amounts o f  waste would be released frm the clay mineral montmorillonite i f  

TABLE 6.1 -1% Reference Concepts Summary (DOE 1979) 

Reference Concepts Depth o f  Inject ion Disposal Formation 

Deep well l i q u i d  100-wthick zone Sandstone Hi t h  shale 

in ject ion a t  average caprock a t  950-111 

depth o f  1,000 m depth; porosity 

Shale grout , 

i n jec t ion  

10 percent 

100-wthick zone Shale extending t o  

at  average depth within 50 m o f  

o f  500 m ground surface - 
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heated to above 100 C) (EPA 1973). A1 though disposal strata containing more iner t  mineral s, 

par t icu lar ly  quartz-rich sandstones suitable fo r  deep well l i q u i d  injection, might sustain 

higher temperatures, thermal effects on containment formations, which may include temperature 

sensitive minerals, would also have t o  be considered. 

Deep Well In ject ion 

I n  the deep well in ject ion concept, the l i q u i d  wastes would be fed in to porous or  frac- 

tured strata, such as depleted hydrocarbon reservoirs, natural porous strata, o r  zones o f  

natural o r  induced fractures. To protect freshwater aquifers fran waste contamination, the 

in ject ion zone would have t o  be well below the aquifers and is01 ated by re1 at ive ly  impene- 

able strata, e.g., shales or sa l t  deposits. 

I n  general, in ject ion requires pressure a t  the wellhead, although i n  sane circunstances 

gravi ty feed i s  suff icient. The control l ing factors are the rate o f  in ject ion and the perme- 

a b i l i t y  o f  the disposal formation. The increase i n  the to ta l  f l u i d  vol lare i n  an in ject ion 

tone I s  accamnodated by canpression o f  any f l u i d  already present and expansion o f  the rock 
formation. The re la t ion  between in ject ion rates and pressures i s  based on extensive 

oi l -wel l  and ground-water experience. Inject ion i s  possible a t  depths down to  several 

thousand meters. 

For t h i s  concept, the ac t iv i ty  o f  the in ject ion waste has been assuned t o  be controlled 

by the allowable gross thermal loading, the in ject ion zone thickness, and the porosity i n  

tha t  tone. It i s  a1 so assmed that  one in ject ion zone with two wells would be used at each 

site. I n  the long term, the waste might progressively disperse and di f fuse throughout the 

host rock and eventually encanpass a large volune. The concentration might be variable and 

unpredictable. Thus, c r i t e r i a  f o r  permissible a c t i v i t y  1 eve1 s might be required. Determina- 

t i o n  o f  the d i l u t i on  requirement i s  canpl icated by the sorption o f  nuclides onto the mineral 

skeleton, t o  an extent determined by waste chemistry and rock mineral content. If sorption 

were too high, concentration o f  heat-generating canponents might resul t  i n  "hot spots'. 

Injected waste might be part ial  l y  retrieved by d r i l  l i n g  and pumpi ng, but sorption o f  

nuclides onto the mineral skeleton and precipi tat ion within the pores would l i m i t  the amounts 

recovered. 

Predisposal Treatment. I n  deep well injection, spent fuel would be shipped to  a proces- 

sing f a c i l i t y  a t  the well in ject ion site. The spent fuel would be dissolved i n  acid and the 

hu l ls  removed. (For recycle, the uranium and plutonium would be removed fran the acid solo- 

tion.) The acid solution would constitute the basic waste form for  isolation. . 

The acid waste fran reprocessing would contain both f iss ion products and actinides. Be- 
tween 60 and 75 percent o f  the heat generated i n  the i n i t i a l  emplacement years would be due 

t o  9 % ~  and 137~s. Part i t ioning strontiun and cesiun fran the remainder o f  the waste 



would permit d i f ferent  i so l a t i on  practices t o  be adopted f o r  the highheat-generating, re la- 

t i v e l y  short-1 ived isotopes (ha1 f-1 ives about 30 years) and the remainder o f  the waste con- 

ta in ing the much longer l ived, lower heat generating isotopes. 

The l i q u i d  waste would be d i lu ted  wi th  water o r  chemically neutral ized and punped from 

the  reprocessing f a c i l f t y  t o  the in jec t ion  f a c i l i t y  o r  t o  in ter im storage i n  holding tanks. 

Site. Deep well i n jec t ion  would require natural, intergranular f racture porosi ty o r  - 
solut ion porosity formations, over la in by impermeable cap rock, such as shale. A minimun ac- 

ceptable depth f o r  disposal would be about 1,000 m (3,300 f t )  (EPA 1973). The in jec t ion  s i t e  

must not con f l i c t  w i th  e i the r  present o r  fu ture resource developnent. 

Synclinal basins would be par t i cu la r l y  favorable s i tes  f o r  deep well l i q u i d  i n j ec t i on  

since they consist o f  r e l a t i v e l y  t h i c k  sequences of sedimentary rocks frequently containing 

sal ine ground water (Warner 1968). Ground-water movement wi th in  the in jec t ion  formation 

would have t o  be 1 i m i  ted, however, pa r t i cu la r l y  ve r t i ca l  movement. 

The l i t ho log ica l  and geochemical properties.of the i so la t ion  formation would have t o  be 

stable so tha t  the behavior o f  the waste could be accurately predicted. I n  general, sand- 
stone w u l d  be the  most su i tab le  rock type because it canbines an acceptable porosi ty and 

permeability w i th  chemically i n e r t  character ist ics re1 at ive t o  the acid waste form. 

The overal l  s i t e  area has not been determined yet, but would be greater than the 1270 ha 

(3140 acres) i n i t i a l  i n jec t ion  area and would depend on the maximun horizontal dimension o f  

the in jec t ion  area, the size o f  control zone required around the repository, and the t o ta l  

amount and type o f  waste t o  be injected. 

D r i l l i n g  System. The d r i l l  ing r i g s  would be s imi lar  t o  those used i n  t he  gas and petro- 

leun industr ies dnd would be portable for movement fran one locat ion to  another on the site. 

Each canplete r i g  would require a clear, r e l a t l v e l y  f l a t  area, approximately 120 m x 120 m 
(400 ft x 400 ft) a t  each hole locat ion (see Section 6.1.1). 

Repository Fac i l i t i es .  She processing p lant  would be located on A t e  as an integral  par t  

o f  the overal l  i n jec t ion  system. The basic reposi tory f a c i l i t i e s  would be s imi lar  , I t o  those 
required f o r  the very deep hole concept, as discussed i n  Section 6.1.1 (Bechtel 1979a). 

Interim storage tanks s im i la r  t o  those described f o r  the r w k  melt concept (sect ion 

6.1.2) would be provided f o r  surge capacity. The stainless steel tanks would have a canbined 

capacity o f  about lo6 l i t e r s  (2.8 x i d 5  gal) which equal! 3 month; prodwtiqn. The tanks 

would be s imi lar  in$esign t o  thore a t  the AGNS plant i n  Barnwell, South Carolina, which are 

contained i n  underground concrete vaul ts and provided wi th  in terna l  cooling c o i l s  and heat 

exchangers t o  prevent the waste f ran  boi l ing.  

An underground pipeway system would connect the reprocessing f a c i l i t y  t o  the storage 

tanks and the in jec t ion  f a c i l i t y .  She pipe would be double cased and protected by a concrete 

shielding tunnel with leak detectors provided i n  the annulus o f  the  pip^. The pipeway design 

would provide containnent, monitoring, decontamination, maintenance, and decamnissioning 



capabil Sties, p r imar i l y  performed remotely. A heavy concrete and steel confinement bu i ld ing 

would provide contairment for the well and i n j ec t i on  operations and shielding f o r  the  radio- 

act ive systems. 

Sealing Systems. The we1 1 hole would probably be sealed by a canbination o f  borehole 

seals and b a c k f i l l  ing, using a procedure s imi lar  t o  t he  one discussed f o r  the very deep hole 

concept (Section 6.1.1). 

Retr ievabi l  ityflecovery. Liquid waste tha t  had been in jected might be p a r t i a l l y  r e t r i e -  

vable by  conventional welt techniques. Although much o f  the waste might be physical ly o r  

chemically sorbed by host geologic media, some species, i n  par t icu l  ar, 137 Cs, would be ex- 
pected t o  remain i n  a t  least  p a r t i a l l y  re t r ievable  solution. 

Shale Grout I n j ec t i on  

I n  the shale grout in jec t ion  process, neutral ized l i q u i d  waste o r  an i r rad ia ted fue l  

s l  u r ry  would be mixed: wi th  a sol i ds  blend o f  cement, clay, and other additives, and the re- 
su l t i ng  grout would be in jected i n t o  impermeable shale formations. The i n i t i a l  f racture i n  

the shale would be generated by hydrofracturing wi th  a snall  vol me o f  water. The injec- 

t i o n  o f  waste grout i n t o  t h i s  i n i t i a l  f racture would generate su f f i c i en t  pressure t o  propa- 

gate a t h i n  horizontal crack i n  the shale. As i n j ec t i on  o f  the grout continued, the crack 

would extend fwrther t o  form a th in ,  approximately horizontal, grout sheet, several hundred 

f ee t  across. A few hours a f t e r  in ject ion,  the  grout would set, thereby f i x i n g  the radio- 

act ive wastes i n  the shale formation. Subsequent in jec t ion  m u l d  form sheets para l le l  t o  and 

a few fee t  .above the f i r s t  sheet. 

The principal requirenent for shale grout i n j ec t i on  i s  t h a t  the hydrofracture, and hence 

the  grout sheet, develops and propagates horizontal ly. Vert ical  o r  inc l ined hydrofractures 

could resu l t  i n  the waste gaining access t o  geologic strata near the surface, and even break- 

ing out o f  grout a t  t he  bedrock surface i t se l f .   heo ore tical analyses indicate that ,  i n  a 

hanogeneous isot rop ic  medium, the plane o f  hydrofracture develops perpendicularly t o  the 

minor pr incipal  stress ('WS 1966). Thus, a requirement for horizontal hydrofracturing i s 

tha t  the horizontal stresses exceed the ver t i ca l  stresses. 

On the basis o f  work a t  ORNL, approximately 40 i n j ec t i on  wel ls  would be required a t  each 

o f  f i v e  f ac i l i t i e s .  The a c t i v i t y  leve l  for the shale grout in jec t ion  a1 ternat ive i s  based on 

the reference concept (Schneider and P l a t t  1974) o f  40 C i / l  a c t i v i t y  i n  the i n i t i a l  grout. 

The acceptable gross thermal loading (GTL) could be assured by control1 ing t he  nunber o f  

grout in ject ions'  i n  the disposal formation. Depending on the fuel  cycle,. the maximm number 
o f  2-mm (0.08-in.)-thick grout layers would be f i v e  t o  seven per in jec t ion  s i te.  

Site. A th i ck  sequence o f  essent ia l ly  f l a t - l y i ng  shale s t ra ta  would be required f o r  - 
shale grout disposal, w i th  i n  s i t u  stress condit ions favorable f o r  the propagation o f  hor i -  

zontal hydrofrachres. Such condit ions are general ly found ' t o  a maximm depth o f  500 t o  

1,000 m (1,650 t o  3,300 ft). As wi th  deep well l i q u i d  in ject ion,  'the s i t e  would have t o  be 

1 ocated t i  preclude conf l  i c t s  wi th  resource development. 



Shale deposits i n  the United States have been studied f o r  su i tab i l  Sty f o r  underground 

waste emplacement (Merewether e t  al. 1973). The studies conclude that  shale, mudstone, and 

claystone of marine o r i g i n  i n  areas o f  l i t t l e  structural  deformation, low seismic r isk ,  and 

1 imited d r i l l i n g  are generally most pranising. These i nclude the Ohio shale o f  Devonian age 

i n  northern Ohio and the Devonian-Mississippian El 1 sworth shale and the Mississippian- 

coldwater shale i n  Nichigan. 1n the Rocky Mountain states, the Pierre shale and other th ick  

shales o f  1 ate Cretaceous age are a1 so potential host rocks. 

The overall  s i t e  area for shale grout in jec t ion  has not been determined yet, but i t  would 

be greater than the 1270 ha (3140 acres) i n i t i a l  i n jec t ion  area and would depend on the  maxi- 

mun horizontal dimension o f  the in jec t ion  area and the size o f  the control zone required 

around the r e  p s i  tory. 

D r i l l i n g  System. The d r i l l i n g  system f o r  shale grout in ject ion would be simi lar t o  t ha t  

f o r  deep well injection. 

Repository Fac i l i t i es .  Repository f a c i l i t i e s  f o r  shale grout in jec t ion  would be iden- 
t i c a l  t o  those f o r  deep well in ject ion M t h  the exception o f  additional high-pressure punps 

f o r  f ractur ing and equipment related t o  mixing the grout wi th  the l i q u i d  waste p r i o r  t o  

in jec t ion  (see Figure 6.1.19). 

Seal i ns  Systems. The reposi tor les would be sealed i n  the same manner as deep well holes. 

Retrievability/Recovery. Wastes disposed o f  by t h i s  concept would be essent ia l ly i r r e -  

t r ievable because o f  the fast so l id i f i ca t ion  and s t a b i l i t y  o f  the waste-grout mixture. Total 

recovery o f  the wastes would 1 i kely involve extremely d i f f i c u l t  and extensive mining opera- 

t ions t o  excavate the rockl ike waste fonn. 

6.1.6.3 Status o f  Technical Development and R&D Needs 

Present State o f  Development and ~echnological  Issues 

The basic techniques required for well i n jec t ion  o f  f l u i ds  and grouts have been devel- 

oped i n  the course o f  many projects undertaken by the o i l  and chemical industries f o r  the 

disposal o f  nonradioactive tox ic  and nontoxic ks tes .  I n  addition, l im i ted  disposal o f  radi-  

oactive waste grouts has been successfully canpleted a t  ORNL (ERDA 1977, Delaguna e t  al. 

1968) . 
Geology. The geology of sedimentary basins i n  the United States has been examined ex- 

tensively wi th a view t o  sui t ab i l  i t y  fo6 deep we11 l i q u i d .  in jec t lon  o f  kadioactive wastes, 

and reports are available covering several areas .(a) 

(a) See Repennf ng 1962, Sandberg 1962, Beikman 1962, 

I n  addit ion t o  these studies, a 

- 
Mac1 achl an 1964, Legrand 1962, 

1 arge 

Repenning 1959, Col ton 1961, and DeWitt 1961. 



vol m e  o f  geologic data (stratigraphy, 1 i tho1 ogy, petrography) ex is ts  f o r  potent ia l  disposal 
areas. These data have been gathered f o r  basic geologic research o r  as a r esu l t  o f  resource 

exploration and exploitation. However, the ex is t ing data are considered sui table f o r  only 

conceptual, generic studies and i den t i f i ca t i on  o f  candidate sites. 

Geohydrology. Modeling t o  predict waste extent and nuclide transport would be required 

f o r  both l i q u i d  and grout in ject ion.  I n  the past decade, numerical modeling methods using 
f i n i t e d i f f e r e n c e  and f in i tee lement  techniques have been developed using available high- 

speed d i g i t a l  cunputers (Pinder and Gray 1977, Remson e t  at. 1971). Two- and three-dimen- 

sional fl uid-flow techniques wi th  thermal and stress dependency are available. Canputer 
codes also ex is t  f o r  the analysis o f  r d i o n u c l i d e  transport, including the e f fec ts  o f  decay, 
adsorption, and dispersion (Burkholder 1976). bnever, these analyt ical  techniques are l i m -  

i t e d  because o f  an insu f f i c ien t  data base and i n c a p l e t e l y  defined const i tu t ive parametric 

relationshfps. 

S t a t e o f - t h e a r t  tes t ing techniques include the  use o f  mu1 t i p l e  devices t o  i so la te  sec- 
t i ons  o f  the borehole. These devices provide f o r  reduction i n  measurement e r ro r  through im- 

proved control  o f  bypass leakage. The mu1 ti p le  devices a1 so he1 p determine d i rect iona l  per- 

meabi l i ty  (Maini e t  al. 1972). Mul t ip le  hole analyses are used t o  def ine the d i rec t ion  and 
magnitude and measure o f  rock mass permeability (Rocha and Franciss 1977, Lindstran and 

S t i l l e  1978). Because rock propert ies are d i rec t iona l l y  dependent, pa r t i cu la r  consideration 
must be given t o  methods o f  analyzing f i e l d  data before a well i n j ec t i on  s i t e  could be 
chosen. 

D r i l l i n g  and In jec t ion  Technology. The w e l l  i n jec t ion  disposal would require re1 a t i ve l y  
simple engineering design, construction, and operation. O i l  wel l  d r i l l  ing techno1 ogy, funda- 

mental t o  the concept, i s avai l  able and .wet 1 proven. 

The deep w e l l  i n jec t ion  disposal method has been applied i n  the United States f o r  natural 
wastes, i n  part icular, o i l - f i e l d  brines, and f o r  indus t r ia l  wastes, such as steel p i ck le  

l iquors,  uranium m i l l  wastes, and re f inery  and chemical process wastes(a). The deepest 
waste in jec t ion  well canpleted and operated t o  date was a t  Rocky Mountain Arsenal, h e r e  
fractured ~recambri'an gneiss, a t  a depth o f  3,660 m (12,000 ft), was used as the disposal 

formation (Pickett 1968). 

Shale grout in jec t ions o f  remotely handled l R U  wastes have been carr ied out a t  ORNL a t  a 

depth o f  about 275 m (900 ft) (ERDA 1977). Over 6.8 x 106 1 (1.8 x 106 gal) o f  waste 
containing pr imar i ly  1 3 7 ~ s  (523,377 C i )  w i th  a lesser amount o f  9 0 ~ r  (36,766 Ci), toge- 
ther  w i th  minor quant i t ies o f  other radionuclides have been in jected over 10 years. 

1 

(a) Such applications are described i n  DeWitt 1961, Pinder and Gray 1977, Remson e t  al. 
1971, Burkholder 1976, M i n i  e t  al. 1972, Rocha and Franciss 1977, Trevorrow e t  al. 
1977, Lindstran and S t i l l e  1978, White 1965, Hul t  e t  a1 . n. C, Picket t  1968, Warner 
and Orcutt 1973, Lunn and A r l i n  1962, Clebsch and Baltz 1967, Spitsyn e t  al. 1973, 
Capitant e t  a1. 1967, and Roedder 1959. 



Waste Preparation Technology. Liquid waste might require pretreatment t o  ensure canpa- 
t i b i l i t y  w i th  the rock. No operating in jec t ion f a c i l i t i e s  ex is t  a t  present f o r  high-level 

acid wastes. Pretreatment f o r  most indust r ia l  wastes cunprises f i l t r a t i o n  and l im i ted  chem- 

i ca l  treatment. Since well i n jec t ion  i s  usually being pursued t o  reduce waste processing 
requirements, chemical treatment i s  minimal, and may include the addi t ion o f  biocides and 

chlor ide t o  prevent plugging o f  the well frm bacter ia l  growth (Hartman 1968). 

Waste preparation f o r  shale-grout in jec t ion  a t  ORNL has been the subject o f  extensive 

tes t ing  t o  develop an econanical mix wi th  good pumping and leach-rate character ist ics (Mdore 

e t  a l e  1975, Ho l l i s t e r  and Weimer 1968). Research indicates t h a t  the use o f  ash as a pa r t i a l  

subst i tute f o r  cement reduces costs and enhances strontium retention. Mixes incorporating 

various clays and grout shale have been tested. Leach ra tes of-3.2 x 10-5 g / d / d a y  f o r  

strontium and 2.1 x 10-6 g/an*/day f o r  cesium have.been obtained. The l a t t e r  value i s  
approximately equivalent t o  t he  leach ra te  f o r  borosi l  i ca te  glass (ERDA 1977). 

Isolation. Iso la t ion and safety analyses are based on 

0 Def in i t i on  o f  source term (concentration, fonn, location, time) 

0 Characterization o f  pathway (transport velocity, chemical o r  physical changes, path 
length barriers, ecosystems involved) 

a Exposure and "dose-to-man" calculations f o r  both spec i f ic  groups and t o t a l  population. 

A range o f  data values for the parameters can be analyzed t o  provide a probabi l is t ic  

basis f o r  the  results. Methods involv ing model ing and analysis o f  f a i  1 ure processes have 

been employed f o r  analyzing the performance o f  conventional disposal options (Logan and Ber- 

ban0 1977) and would a1 so be applicable t o  deep well i n j ec t i on  concepts. 

R&D Requirements 

Since experience i n  the  basic techniques required f o r  well i n jec t ion  exists, the uncer- 
t a i n t i e s  associated wi th  the design basis are related p r imar i l y  t o  extrapolation o f  t h i s  

experience t o  other waste fonns, t o  other.geologic settings, and t o  modified quant i t ies and 

disposal rates. There are already techniques for preparing radioactive wastes i n  l i q u i d  o r  
s lu r ry  form; however, there are uncertainties i n  formulating l t q u i d  wastes tha t  would provide 

s t a b i l i t y  and canpa t ib i l i t y  w i th  the disposal fonnhtion. For s lurr ies,  fu r the r  R&b would be 
required f o r  the developnent o f  optimun mixes, uhich would be re la ted t o  the spec i f ic  charac- 

t e r i s t i c s  o f  the waste and disposal formation. , 

Geologic formations sui table f o r  the in jec t ion  o f  waste would have t o  be iden t i f i ed  and 

ve r i f i ed  on a s i te-speci f ic  basis. -The exploratory techniques needed t o  do t h i s  are I n  an 
ear ly stage o f  development, and would require fur ther  R&D wi th  par t icu lar  emphasis on ver i f y -  

ing 1 ocal geologic structure, establishing 1 ocal and regional geohydrol ogic conditions , de- 

termining thermal and mechanical properties and i n  s i t u  stresses, and locat ing and or ient ing 

discontinuit ies. - 



Hi t h  the basic techno1 ogy f o r  in jec t ing  radioact ive wastes i nto geologic s t ra ta  a1 ready 

avail  able, these research and developnent requirements can be categorized i n t o  several d i  s- 

Crete areas o f  devel opnent, as described be1 ow. 

System Data Base. It would be essential tha t  the to ta l  R&D program be supported by a 

data base t h a t  covered a l l  t he  cmponents t h a t  could a f fec t  performance o f  the disposal sys- 

tem. The.data base would cover the waste fonn, i t s  modification, storage and in ject ion,  and 

the character ist ics o f  the  disposal formation frm near t o  f a r  f ie ld .  

~evelopment o f  C r i t e r i a  f o r  and Categorization o f  S i t i n g  Opportunities. The two types o f  

wel l  i n jec t ion  disposal methods, l i q u i d  and grout in ject ion,  would require s ign i f i can t l y  d i f -  

ferent bu t  c l ea r l y  definable disposal formation characteristfcs. Disposal s i t e  select ion 

would have t o  proceed i n  stages, s t a r t i ng  w i th  the der ivat ion and assembly o f  spec i f ic  c r i -  

ter ia ,  followed by successive narrowing o f  the f i e l d  o f  choice t o  a spec i f ic  s i t e  o r  sites. 

This approach would provide valuable generic hydrogeological data a t  an ear ly stage f o r  

subsequent use i n  other R&D studies. The selection process could be undertaken i n i t i a l l y  

using available geologic and hydrologic data and techniques. At the s i te-speci f ic  level ,  

however, the  use o f  yet-to-be developed "nonpenetrative" techniques might be required t o  

minimize the amount o f  down-hol e exploration. 

L iqu id  and S lu r ry  Wastes. A key facet o f  vie11 in jec t ion  i s  pretreatment o f  the l i q u i d  o r  

s l  u r ry  t o  a fonn tha t  would be both cmpat ib le  wi th  t he  receiving formation and a1 so the  best 
use of the potential o f  t h a t  formation t o  f i x  and re ta i n  the nuclides. Optimun forms and re- 
qu is i te  ah i x t u res  would have t o  be ident i f ied.  The R&D program would have t o  proceed from 

the generic to  the speci f ic  *en the geochemistry o f  the disposal formation i s  known,, 

Techniques f o r  Predict ing the  Configuration o f  In jec ted Wastes. Fundamental t o  the con- 

cept o f  "safeu disposal o f  waste i s  t he  necessity t o  predict, w i th  a high degree o f  accuracy, 

the configuration tha t  the in jected wastes, whether l i q u i d  o r  grout-f ixed'slurry, would adopt 

i n  the disposal formation f o r  both the short and long term. The technology should provide 

t h i s  capabil i ty, 

For the l i q u i d  in jec t ion  method, pred ic t ive capabi l i ty  i s  cur rent ly  1 imited by the ex- 

i s t i n g  data base. Nunerical simulation techniques are available, but  these do not cover t h e  

range o f  condit ions tha t  might be encountered, Mathematical models f o r  geohydrological and 

geochemical in teract ion studies would be needed. 

"Nonpenetrative" Exploration Techniques. The presence o f  a d r i l l  hole could impair the  

i so la t ion  o f  a disposal site, A t  present, the  ma jo r i t y  o f  exploratory techniques require 

d r i l l i n g  a t  l eas t  one hole (and of ten several) t o  obtain r e l i ab l e  information f ran  geological 

strata. R&D would be needed t o  d w e l  op nonpenetrative exploration techniques,, s im i la r  t o  

other geologic disposal methods. 

Sealing Systems. It i s  assmed tha t  the sealing system f o r  well i n jec t ion  would have t o  

meet the same time requirements f o r  seal ing penetrations t ha t  a tiiined repository must meet. 

The primary purpose o f  the seal i s  t o  i n h i b i t  water transport o f  radionuclides f ran  the waste 



t o  shallow ground water o r  t o  the surface f o r  an extended time period. Expansive concretes 

make the best seals under current technology and do so a t  an acceptable cost. However, 

current experience w i th  seals, whether o f  Cement, chemical, o r  o f  other materials, i s  on ly  a 

few years old. Further developnent o f  ' seal ing technology would, therefore, be requf red 

(Bechtel 1979a). For i n t e g r i t y  t o  be maintained, the sealing material would have t o  meet the 

fol lowing requirements: 

a Chemical canposition - t he  material must not deter iorate wi th  time o r  temperature when 
canpared t o  host rock characterization. 

a Strength and stress-strain properties - the seal must be canpatible w i th  the surrounding 
material, e i the r  rock o r  casing. 

a Vol m e t r i c  behavior - vo l  m e  changes wi th  changes i n  temperature must be compatible wi th  
those o f  enclosing medium. 

The sealing system f o r  we1 1 in jec t ion  would consist not only o f  ipl ugs w i th in  the casing, 

bu t  also o f  material t o  bridge the  gap between casing and competent rock not damaged by  d r i l -  

l ing.  To minimize possible breaks i n  containment, r igorous qual i t y  assurance would be re- 

quired during emplacement o f  several high qual f t y  seals a t  s t ra teg ic  1 ocations wi th in  t he  

borehole. 

Research and development would be needed i n  two major areas - material devel opnent and 

emplacement methodology - t o  ensure canplete isolat ion.  Material developnent would include 

investigating plugging material s ( i n c l  uding special cements), canpatible casing materials, 

and d r i l l i n g  f luids. Because the seal would include the host rock, these investigations 

should include matching o f  p l  uggfng materials wi th  the possible rock types. It i s  conceiv- 

able tha t  d i f f e ren t  materials would be required a t  d i f f e ren t  leve ls  i n  the same hole. 

Emplacement methodology'would have t o  be developed f o r  the enviroment o f  the hole. Con- 
siderations would include operation i n  the aqueous enviroment, casing and/or d r i l l  ing, and 

f l u i d  removal. Because the emplacement methodology would depend on the type o f  material, 
i n i t i a l  studies o f  material devel opment would have t o  precede mp1 acement method01 ogy devel- 

opnent. However, the two investigations would be closely related and would in ter face 

closely. In  s i t u  t es t s  m u l d  have t o  be performed t o  evaluate plugging materials. Equipnent 

developed would i nc l  ude qual i t y  control and y a l  ity assurance instrmentat ion.  

~ o n i t o r i n g  Techniques. I n  c m o n  wi th  other methods o f  underground disposal , techniques 

would be required f o r  monitoring the movenent/migration o f  .radioactive material from the 
point o f  emplacement. 

Borehole Plugging Techniques. Borehole plugging techniques would require developnent a t  
an ear ly stage to  permit safe exploration o f  candidate sites. 

Implementation Time and Estimated R&D Costs 

The R&D program described above i s  generic. spec i f ic  estimates f o r  ~ q u i r e d  imp1 ementa- 
t i o n  time and R&D costs woul'd depend on the  de ta i l  s o f  the actual developnent p l  an, and are 

deferred pending plan def in i t ion.  



Summary 

Major uncertainties, shortcanings, and advantages o f  the concept are s m a r i z e d  below: 

The concept i s  not canpatible wi th  the mul t i -bar r ier  philosophy, re ly ing  only on a 
po ten t ia l l y  non-inert waste form and the  geology. 

Performance assessment ard s i t i n g  techno1 ogy f o r  HLW in jec t ion  are essent ia l ly  
non-existent. 

Ret r ievabi l i ty ,  technical conservatism, and adequate design margins do not appear 
possible due t o  the d i f fuse  nature o f  the enplaced material. 

The emplacement technology i s  considered t o  be essent ia l ly  available. 

6.1.6.4 Impacts o f  Construction and Operation (Preempl acementl 

I n  some respects the environnental impacts o f  the w e l l  i n j ec t i on  concepts are bet ter  

understood than the  impacts fran the  other disposal alternatives. This i s  because o f  t h e i r  
current use--deep well by the o i l  and gas industry t o  dispose o f  chemical waste and shale 

grout i n j ec t i on  by the Oak Ridge National Laboratory t o  dispose o f  remotely handled TRU 
wastes. Potential use o f  w l l  in jec t ion  f o r  disposing o f  long- l ived or  high-level radio- 

act ive waste, however, has not been demonstrated. 

A1 though quant i tat ive estimates o f  environnental impacts o f  well  i n jec t ion  have not been 

made, i t  i s  expected t h a t  many o f  the impacts would be essent ia l ly  the  same f o r  the two re- 

ference concepts. 

Health Impacts 

Radiological Impacts. The radiological  impacts f ran rout ine operations during most 

phases o f  wel l  i n j ec t i on  disposal (e.g., reactor  spent fuel  storage, and intermediate spent 

fue l  storage) are expected t o  be t he  same as those f o r  a mined geologic repository. However, 

the ext ra  operation t o  reprocess spent fuel  f ran  the once-through fue l  cycle t o  produce a 

l i q u i d  solut ion o r  grout could be expected t o  add t o  the  radiological  impacts. Quant i tat ive 

estimates o f  these impacts are not avai lable a t  t h i s  time. Likewise, the  radiological  

impacts associated with the transportation o f  wastes are expected t o  be s im i la r  t o  those f o r  

a mined geologic repository, w i th  the exception o f  transport ing HLW from the reprocessing 

plant. Since, f o r  t he  reference repositories, the in jec t ion  f a c i l i t y  i s  adjacent t o  t he  re- 
processing plant, the need t o  transport HLW i s  e l  iminated, which thereby reduces the corres- 

ponding radio1 ogical impact. 

Unavoidable enviromental e f fec ts  o f  the well i n j ec t i on  opt ion m u l d  include operational 

rad ia t ion  doses t o  f a c i l i t y  workers involved i n  i n j ec t i on  o r  maintenance and repair. Design 

and operational procedures would be directed t o  reducing doses t o  the lowest leve ls  possible. 

At the ORNL remotely handled TRU waste f a c i l i t y  the  rad ia t ion  exposure 

in jec t ion  has averaged 0.025 ran during i n j ec t i on  operations and 0.188 

t i o n  maintenance (ERDA 1977). However, the data are not su f f i c i en t  t o  

these occupational exposures would be appl icable t o  an HLW repos i t 'o r~.  

per man per grout 

ran during preinjec- 

d e t e n i  ne whether 

Accident scenarios 



may be conveniently divided in to surface and subsurface events. Surface operating accidents 

would include pipe ruptures and spi l ls ,  fa i lu re  o f  transfer or inject ion punps, and loss o f  

necessary cooling to  the storage tanks, To minimize r isk, normal nuclear engineering design 
strategies would be required, with redundancies incorporated in to a l l  c r i t i c a l  systems and 

canponents ( f o r  example, pmps, power supply, and monitoring equipnent). Subsurface acci- 
dents, fo r  which contingency plans would have t o  be prepared, would include well-pipe 
rupture, equi pnent f a i l  rtres, uncontrolled fracture developnent (shale grout injection), and 
penetration o f  waste through the containnent f0mIati0h due t o  highly permeable features, 
abandoned or poorly sealed kll s, o r  exploration o r  monitoring o f  d r i l l  holes, S i t e  explora- 

n ,  

t i on  and analyses would be directed toward minimizing the probabi l i ty and the ef fects o f  
subsurface f a i l  ures. 

Presently, there are no quantitative estimates o f  the radiological impacts o f  such acci- 
dents t o  occupational personnel , nonoccupational personnel, or t'he ecosystem. Furthermore, 

since the waste would be i n  a nonsolid form f o r  w e l l  injection, the radiological impacts are 
not expected t o  be similar t o  those result ing from accidents a t  a mined geologic repository. 

Nonradioloqical Impacts. L i t t l e  formal study has been ccmpleted on the nbnradiological 

health effects o f  the we1 1 in ject ion disposal process. I n  general , predisposal act iv i t ies, 
such as fuel handl ing, storage, transportation, and reprocessing, f o r  both .reference concepts 

would be the same as for a mined geologic repository. Pretreatment o f  the disposal fomatfon 
with acid, however, might be required. Although potential impacts have not been quantita- . 
t i v e l y  assessed, i t  can be concluded that nonradiol ogical health effects would resul t  fm 
handl ing t h i s  hazardous material. 

Because wastes injected in to the wells would have t o  be i n  l i q u i d  o r  grout form, t w o  
important differences are anticipated between well in ject ion and mined geologic disposal. 
First ,  the well in ject ion disposal s i t e  would have t o  be a t  the same place as the reproces- 
sing fac i l i t y .  Colocating these fac i l i t i es  would minimize the transportation requirements 
and associated risks. It would also reduce sane o f  the nonradiological impacts associated 
with transportation act iv i t ies. 

Second, well in ject ion would involve surface and subterranean ac t iv i t ies  with d i f fe ren t  
hazards than those associated with mined geologic disposal--formation d r i l l  ing and fracturc 

ing, canpared to large-scal e excavation, are the principal below-ground ac t i v i t i es  tha t  could 
lead t o  nonradiological health impacts. Preparing the wastes f o r  disposal would involve 
f a c i l i t i e s  designed to mix the wastes u i t h  clay, cement, and other additives f o r  the shale- 
grout method. For the l i qu id  inject ion process, more 1 imited mixfng f a c i l i t i e s  would be 

needed. In  either case, studies canpleted to  date have not ident i f ied signif icant nonradio- 
1 ogical impacts fo r  these ac t iv i t ies  under routine operating conditions. Under abnormal 

conditions, pipe ruptures and spi l ls,  f a i l u re  o f  in jec t ion  pumps, and other problems dis- 
cussed under radio1 ogfcal impacts could lead t o  nonradiol ogical impacts as well. - 



Natural System Impacts 

Effects on the ecosystem near a well i n jec t ion  disposal s i t e  would be simi lar t o  those 

associated n i t h  any heavy engineering project. I n  considering these impacts ,.i t must be rp. 

membered, however, t h a t  the disposal s i t e  would include reprocessing and disposal f a c i l  i t i es .  

Ecological impacts from these processes are categorized in to  preconstruction and post- 

construction act iv i t ies .  I n i t i a l  construction a c t i v i t i e s  w u l d  involve clearing vegetation, 

d r i l l i n g ,  and geophysical surveying. Impacts o f  these i n i t i a l  a c t i v i t i e s  would af fect  vege- 

tation, soi l ,  water, and other resources t o  varying degrees depending on the character ist ics 

o f  the speci f ic s i t e  being developed. Impacts o f  t h i s  type o f  a c t i v i t y  are evaluated f o r  

sped f i c  sites. 

Construction impacts would include those o f  a reprocessing f a c i l i t y ,  as described i n  

Chapter 4. Construction of f a c i l i t i e s  t o  prepare the wastes f o r  injection, as described 

above, would a1 so be needed. 

Postconstruction, o r  operational, nonradiol ogical ecological impacts would be more 

1 imited than those o f  preconstructi on and construction act iv i t ies .  Many operational act iv i -  
t i e s  would occur below the surface. Ecological impacts f ran these a c t i v i t i e s  could occur i f  

sane o f  the f l u i d s  in jected in to  the well were t o  enter the ground-water system and were 

transported t o  the  biosphere o r  otherwise affected aquatic resources. Surface runof f  o r  

material sp i l l ed  on the surface could a1 so cause loca l  ized ecological impacts. 

Soci oeconmic Impacts 

Socioeconomic ef fects  fran constructing and operating a well i n jec t ion  repository would 
be f e l t  most intensely i n  the inmediate v i c i n i t y  o f  the f ac i l i t y .  I n  general, impacts would 

be representative o f  those o f  a major engineering f a c i l i t y .  No quant i tat ive data ex is t  on 

the construction o r  operational employment requirements o f  a well i n jec t ion  disposal system, 
Impacts, however, should be simi lar t o  those described f o r  the very deep hole concept (see 

Section 6.1.1.6). I n  addition, socioeconanic impacts associated wi th  the reprocessing f ac i l -  
i t y  would be f e l t  a t  the disposal site. These impacts are discussed i n  Section 4.7. I n  ana- 
l yz ing  these discussions, i t  must be remembered t h a t  colocation would lead t o  a greater con- 

centrat ion o f  impacts a t  the disposal site, but a t  the same time would reduce the number o f  

separate nuclear f a c i l i t i e s  constructed. 

Aesthetic Impacts 

Aesthetic impacts f o r  the well i n jec t ion  disposal option would be simi l  ar t o  those o f  

other subsurface disposal methods except f o r  the presence o f  the reprocessing f a c i l i t y  a t  the 

disposal site. Again, colocating f a c i l i t i e s  could increase the impacts a t  the chosen site, 

but the fact  tha t  only one s i t e  i s  neded suggests an overal l  reduction i n  aesthetic impacts. 

Aesthetic impacts could be accurately assessed only wi th in  the context o f  a speci f ic 

site. I n  a general context, however, aesthetic impacts related t o - d r i l l  ing and other 
geologic a c t i v i t i e s  are covered i n  the aesthetic impact discussions f o r  mined geologic 



repositories (Section 5.5) and the very deep hole concept (Section 6.1.1.6). Aesthetic 
impacts of reprocessing facilities are discussed i n  Section 4.7. 

Resource Consumption 

Suitable well injection sites would be sedimentary basins, which are frequently prime 
areas for fossil fuels. However, after the wastes had been safely emplaced, geologic explor- 
atory activities i n  the vicinity of the site would have to be restricted. It has been sug- 
gested t h a t  potentially.usable minerals fran the zone of influence of the repository would be 
inventoried before imp1 mentation would begin. On the other hand, the disposal zone itself 
could be considered a resource for a i ch  alternative uses might be found, for example, stor- 
age of freshwater or natural gas. 

Other resources consumed i n  the well injection process would include @ n e w  for transpor- 
tation, processing, and disposal. Land would be required for the reprocessing and disposal 
facilities. For the shale-grout disposal method, clay, cement, and other materials would be 
needed. No critical material, other than fuel, would be consmed by we11 injection disposal. 

International and Dmestic Legal and Institutional Considerations 

~mpl&entation of the ue11 injection option would require two important policy decisions 
that could be shaped by institutional forces. First, the process does not lend itself t o  
handling spent fuel from reactors. Processing wuld be needed to transform this material 
into a form that could be readily injected in to  the well. The reprocessi;lg approach most 
often proposed contravenes the current U.S. position against reprocessing. This would have 
to be resolved before well irgjectlon disposal could be implemented. 

The second pol icy decision stems fran the need t o  locate the disposal facility and the 
fuel' reprocessing plant at  the same site. A1 though such a system would be effective i n  1 im-  
iting liquid waste transportation, i t  i s  likely that neither facility would be optimally 
located. It would have to be decided khether the benefits of we11 injection disposal out- 
weigh potential disadvantages of such colocation. Obviously, such a decision muld have to 
be made i n  1 ight of daestic institutional considerations. 

Another aspect of the'well injection concept that could foster concern i s  the need to ob- 
tain records of previous drill ing  activi ties. States typically maintain such records and 
generally oversee drilling programs. If this disposal option were implemented, information 
wuld be needed and procedures would have to be established to evaluate data frm adjacent 
we1 1 sites. The re1 ationship betwen existing regulatory activities and the well injection 
disposal process would have to be defined prior t o  implementation. , 

Aside fran the issues outlined above, the legal and institutional considerat'ions of this 
option would be similar to those of the mined geologic repository discussed i n  Section 5.5. 

6.1.6.5 Potential Impacts Over Long Term (Postemplacement) 

An unavoidable long-term impact of well injection waste disposal i s  that alternative 
storage or disposal applications for the site are eliminated. Examples of possible uses 

- 
are 



natural gas storage, freshwater storage, and disposal o f  other wastes o f  lower o r  shor te r  

l i ved  toxicity. I n  addition, as noted earl ier,  exploration f o r  natural resources and subse- 

quent mining i n  a large area around the disposal f a c i l i t y  would be subject .to control. Rte 

extent o f  exclusion and l im i ted  a c t i v i t y  buffer zones would depend on the characteristics o f  

the disposal formation, and i n  particular, i t s  hydrologic and geochemfcal conditions. Fi- 

nally, evidence exists tha t  in ject ion o f  wastes i n to  certain formations could potent ia l ly  

lead t o  seismic ac t i v i t y  and earthquakes. 

. Potential Events 

- -Natural Events. The 1 ong-term leaching and transportation o f  radionucl ides i n  the 

ground-water. system t o  the biosphere would be a fundamental pathway i n  the well in ject ion 

concept, as it i s  with a l l  geologic concepts. Assessment o f  the enviromental impact would 

require predictive model ing o f  the rock mechanics, hydro1 ogy, and geochemistry o f  the d l  s- 
posal and containment formations, together with an adequate data base to  characterize the 

biosphere. The disposal area would be selected t o  minimize the r i sks  fran seismic and vol- 
canic ac t i v i t i es  and the i r  e f fect  on the hydrologic regime. Seismic events could induce tec- 

tonic effects within the disposal area, causing permeability and f low changes. Volcanic 

a c t i v i t y  could resul t  i n  catastrophic breach o f  the containment formation, o r  could generate 
unacceptable, thermally induced flow patterns. The r i s k  o f  meteorite impact would be simi lar 

t o  that  f o r  a mined geologic repository; however, wi th  deepwell l i q u i d  disposal, the waste 

would be i n  a more mobile form. The impact o f  gross changes, such as climate variations o r  

polar i ce  me1 ting, would, i n  general , depend on the i r  e f fect  on the hydrologic regime. 

Increased erosion (because o f  glaciation, f o r  example) could reduce the cover o f  the disposal 

formation. 

An impact o f  potent ia l ly  major significance i s  the increased chance o f  an earthquake tha t  
could resul t  frq in ject ing waste material i n to  rock formations. A relat ionship between deep 

well l i q u i d  in ject ion and increased seismicity has been suggested (Evans 1966) i n  connection 
wi th  earthquakes a t  Denver and i d e c t i o n  a t  the Rocky Mountain Arsenal well. Other studies 

(Hol l is ter  and Weimer 1968, Dieterich e t  a1. 1972) have shown that  deep well in ject ions i n  

the Rocky Mountain Arsenal Range have been instrunental i n  producing seismic events, Obvi- 

ously, such concerns are signi f icant and y u l d  have t o  be seriously evaluated f o r  specif ic 
sites. Knowledge o f  the i n  s i t u  stress state f o r  both concepts would be needed before pro- 

ceeding with the well in ject ion option because o f  the chance o f  earthquakes developing. The 
depth o f  shale grout in ject ion would be l imi ted by the requirement tha t  ver t ica l  stresses be 

less than horizontal stresses. 

Manmade Events. Excl usfon and controlled-use buf fer  zones would be set up around an 

in ject ion fac i l i t y .  Nevertheless, the r i sks  associated with d r i l l i n g  i n to  a waste-liquid o r  

grout disposal formation would have t o  be considered. Changes i n  the surface and subsurface 

hydrologic regime o f  the area, because o f  reservoir construction, deep - excavation and cot+ 

struction, and resource exploi tat ion outside the buf fer  zone, would require analysis. 



The geologic formation i n  which a well i n jec t ion  repository would be located would have 

t o  be bounded by impermeable s t ra ta  and free of w a t e ~ t r a n s n i t t i n g  faults, Such formations 
occur i n  the sedimentary basins i n  the U.S., and i t i s  these basins t ha t  o i l  and gas canpa- 

nies are exploring for petroleun and natural gas. This exploration could cause a major 

safety problem by connecting waste disposal zones with aquifers. 

Potent ia l  Impacts 

As wi th  the mined geologic repository, the pr incipal  pathway f o r  release o f  radio-' 

nuclides t o  the biosphere i n  the long term would be by ground-water transport. It i s  be- 

1 ieved, however, t ha t  the 1 i k e l  ihood o f  ground water reaching the in jected waste i s extremely 
small. 

The only quant i tat ive estimates on the movement o f  radionuclides v i a  ground water trans- 
por t  are from ORNL's experience wi th  grout i n j ec t i on  o f  remotely handled 'TRU waste i n to  shale 

(ERDA 1977). 

The maximun quant i ty o f  a c t i v i t y  t ha t  could be leached f ran  a s ingle grout sheet uas 

calculated, uslng data presently avai l  able (ERDA 1977). This sheet would have a vol m e  o f  
about 28,300 d (1 m i l l i o n  f t3 )  and could contain as much as 500,000 C i  o f  9 0 ~ r  (if a 

maximun waste concentration o f  5 Ci/gal i s  assuned) and an equal amount o f  137~s. Leach 
data indicate t ha t  t he  6-month leach r a t e  o f  radionuclides f ran  cured grouts would not exceed 
6.2 x 10-5 Ci/month o f  1% per sq ft o f  leached area, 1.7 x 10-3 ~ i lmon th - f t 2  o f  
9 0 ~ r ,  5.5 x 10-7 cilmonth-ft2 o f  244~m, and 5.6 x 10-10 ~ i lmon th - f t 2  o f  2 3 9 ~ ~ .  

I f  the en t i r e  grout sheet surface were exposed t o  water flow, a maximun o f  62 C i /  month o f  
137~s,  1700 Cilmonth o f  9 0 ~ r ,  0.6 C i /  month o f  244011, and 6 x 10-4 C i /  month o f  

2 3 9 ~ ~  would be leached. If the water flow i s  assumed t o  be 0.5 f t lday,  the calculated 
concentration o f  2 3 9 ~ ~  i n  the water would be approximately 1 x 10-6 C i l m l  ( less than the  
concentration guide for  t h i s  isotope i n  uncontrolled areas). The shale surrounding the grout 

sheets has considerable ion-exchange capacity f o r  cesiun and strontium; a calculat ion y ie lds  
ra te  o f  movement o f  leached cesium and strontium through the shale that  would be so low t h a t  
these nuclides would be transmuted by radioactfve decay long before they approached the 
surface. The ma1 1 quantity o f  2% tha t  might be leached would a1 so be retained by the 

shale. 

6.1.6.6 Cost Analysis 

Capital, operating, and decommissioning costs o f  u e l l  fn ject ion disposal have not been 

estimated. However, since well i a e c t i o n  disposal .would not requi re  cos t l y  mining opera- 
tions, i t  could o f f e r  a 1 ow-cost means o f  disposal canpared t o  mined repositories. 

Cost data are available fran ORNL (ERDA 1977). f o r  a s i te-speci f ic application o f  grout 

i d e c t i o n  disposal o f  RH-TRU. Estimated capi tal  costs f o r  a new waste +ale f ractur ing dis-  
posal f a c i l  i t y ,  adjusted t o  1978 dollars, are $6.0 m i l  l ion. Annual operating costs are es- 
timated a t  $110,000. No data are given for decmiss ion ing  costs. The costs are estimated 



f o r  a f a c i l i t y  t o  perform removal o f  large volunes o f  mobile radioactive wastes from existing 

nearsurface storage f a c i l i t i e s  a t  Oak Ridge. 

6.1.6.7 Safeguard Requirements 

Because o f  the rest r ic t ions concerning the transportation o f  high-level l i q u i d  waste, 
which require the in ject ion f a c i l i t y  t o  be colocated with the fuel reprocessing plant, the 
accessibil fty t o  sensitive material s would be extremely 1 fmited. Howver, t h i s  waste dis- 

- .  posal system would probably be used i n  a uraniumplutoniun recycle fuel cycle so there would 
Y - . be incremental increases i n  accessibi l i ty i n  other parts o f  the fuel cycle similar t o  most 

recycle scenarios. I n  addition, the d i f f i c u l t y  o f  ret r iev ing material once it had been suc- 
cessfully disposed of would increase the d i f f i c u l t y  o f  diversion and the waste form ( l iqu id)  

would complicate the transportation and handling problems fo r  a potential diverter. The deep 
we1 1 in ject ion repository would require additional safeguards since at 1 east part ial  retr ie- 
val by d r i l l i n g  and punping might be possible. Material accountability would be enhanced by 
ease o f  sampling and measuranent o f  1 iquids, but gross accountability (i.e., gallons vs can- 
isters) would be s l i gh t l y  more d i f f i c u l t  than fo r  the reference mined geologic concept. 

See Section 4.10 fo r  additional d i  scussion o f  predisposal operations safeguard 
requi rements. 



6.1.7 Transmutation 

6.1.7.1 Concept Summarz - 
The primary goal o f  waste disposal has been stated as protection o f  the public. This 

would be achieved i n  mined geologic disposal by containing the high-level radioactive waste 
fo r  the time period during which i t  retains signif icant quantities o f  potent ial ly harmful 
radionucl ides. (he a1 ternative to  t h i s  approach i s  t o  selectively e l  iminate the long-lived 

radionuclides by convertling o r  transmuting then t o  stable or  short-lived isotopes. This a p  
proach would shorten the required containment period f o r  the renaining uaste. Shortening the 
contaiment period would increase confidence i n  predicting the behavior o f  the geologic media 
and reduce the requirements on the iso lat ion mechanism. Thus, an attract ive featu+e o f  
transmutation i s  tha t  i t has the potential t o  reduce the long-term r i s k  t o  the publfc posed 
by long-1 ived radionucl ides. 

In the reference transmutation concept, spent fuel i s  reprocessed t o  recover the uraniun 
and plutoniun. The remaining high-level waste stream i s  partit ioned i n to  an actinide stream 

and a f iss ion product stream. The f iss ion product stream i s  concentrated, sol idi f ied, v i t r i -  
fied, and sent t o  a te r res t r ia l  repository f o r  disposal. I n  addition, actinides are part i -  

tioned from the TRU-contaminated process waste streams from both the fuel reprocessing plant 
and the mixed oxides fuel fabrication plant. The waste actinide stream i is canbined with 
recycled uraniun and plutonium, fabricated in to fuel rods, and reinserted into the reactor. 
For each f u l l  power reactor year, about 5 t o  7 percent o f  the recycled waste actinides are 

transmuted (fissioned) to stable o r  short-lived isotopes. These short-lived isotopes are 

separated out during the next recycle step for disposal i n  the repository. Nunemus recycles 
resul t  i n  nearly canplete transmutation o f  the waste actinides. 

A disposal system that uses transmutation would have the enviromental and health impacts 
associated with the recycle o f  uraniun and plutoniun and with the part i t ioning o f  the acti- 

nides from the waste stream. If uraniun aM plutonium recycle were adopted fo r  other reasons 
transmutation would be more feasible but would s t i l l  involve additional impacts. For exam- 

ple, highly radioactive fuel elements containing recycled waste actinides would need to  be 
fabricated, handled, and transported. The additional f a c i l i t i e s  and waste treatment proces- 
sing steps required could be expected t o  increase effluent releases t o  the environment, the 
occupational exposure, the r i s k  of accidents, and costs. Since only about 5 t o  7 percent o f  
the recycled waste actinides would be transmitted t o  stable isotopes i n  each reactor irradia- 
tton, nunemus recycles would be required with attendant additional waste streams. 

6.1.7.2 System and Faci 1 i t y  Description 

System Options 

The reference concept was selected from several available options. Jhese options are 
l i s ted  i n  Figure 6.1.20 fo r  each major step i n  a flowsheet using transmutation. 



FIGURE 6.1.20. Major Options fo r  a Waste Disposal 
Alternative Using Transmutation 

The reference concept was selected somehat a rb i t ra r i l y  t o  be used as a basis f o r  canparison 

and t o  help ident i fy  the impacts associated with a typical transmutation fuel cycle. If 

transmutation were selected as a candidate alternative fo r  further research and developnent, 
considerable study would be required t o  optimf ze the avail able a1 ternatives. Additional 
information concerning the advantages and disadvantages o f  the many process options i s  avail- 

able i n  sources l i s t e d  i n  Appendix M. 

Waste-Type Compati b i  1 i ty  

Transmutation would be appl icable t o  only those fuel cycles that  involve the processing 

o f  i rradiated nuclear fuel, e,g., the recycle o f  uranium and plutonium. In  that context, 
transmutation would not apply t o  once-through fuel cycles. It could be used with both cm- 
mercial and defense waste, although l i t t l e  work has been done concerning defense wastes. 

Maste-System Description 

The fuel cycle and process flow f o r  the reference concept are shown i n  Figure 6.1.21. 

The cycle begins with the insert ion o f  a reload o f  fuel in to  the reactor. The reload i s  
trm-thirds fresh enriched UO2 and one-third recycle mixed oxide ( ~ ~ X ) ~ f u e l ,  which has a l l  
the waste actinides ( i  .e., neptuni un and other transpl utonics) hanogeneously dispersed i n  it. 



FIGURE 6.1.21. Par t i  tioning-Transmutation Fuel Cycle Diagram 

cycle cont i  nues 

I r r a d i a t i  ng the 

Di sc harg i ng and 

by: 

re1 oad t o  a burnup o f  33,000 MWdIMTM 

decaying the reload f o r  1-112 years 

Reprocessing the U02 and MOX fue ls  together 

Sending the TRU-contaminated wastes t o  the fuel  reprocessing plant waste treatment 
f a c i l i t y  (FRP-WTF) f o r  pa r t i t i on ing  

Returning the recovered TRU and the TRU-depleted wastes t o  the  reprocessing plant 

Combining the recovered actinides wi th the processed MOX and transport ing the mixture 
t o  the re fabr icat ion plant, a f t e r  a 6-month delay 

Adding su f f i c i en t  uranium t o  the MOX product to  achieve the desired end-of-cycle reac- 
t i v i t y .  (This product i s  i n  powder form and contains the waste actinides.) 

Refabrlcating the MOX product 

Sending the lRU-contaminated wastes frcm refabr icat ion t o  the  fue l  fabr icat ion pl-ant 
waste treatment f a c i l  i ty (FFP-WTF) f o r  pa r t i t i on ing  

Returning the stream o f  recovered actinides t o  the fabr icat ion plant 

Incorporating the recwered actinides wi th  MOX recycle streams wi th in  the f a c i l i t y  

Sending TRU-depleted wastes t o  a mined geol ogic repository. 

Simultaneously, the fresh enriched U02 fue l  I s  fabricated i n  a separate f ac i l i t y .  A t  t h i s  
point, the cycle i s  completed wi th  the fabricated f ue l s  being inserted i n t o  the reactor. The 

de ta i l s  o f  the waste treatment f a c i l i t y  (WTF) process and p lant  design w e  given i n  Tedder e t  

a1. (1980) and Smith and Davis (1980). 
SAL N 
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Predisposal Treatment 

I n  a fuel cycle involving transmutation, i t would be necessary t o  par t i t ion  the materials 
t o  be recycled and transmuted. The part i t ioning flowsheet would have t w  fundamental steps. 

The f i r s t  would be t o  separate the actinides fran other materials and the second would be to  

recover the actinides i n  a re la t i ve ly  
methods and would ori'ginate fran many 
cladding, f i l t e r s ,  incinerator ashes, 

table actinides fran these operations 
partitioned and purified. 

Fac i l i t i es  Description 

pure form. Actinides w u l d  be separated by various. 
sources, including high-level waste, dissolver solids, 
sa l t  wastes, and solvent cleanup wastes. The extrac- 
would be sent t o  actinide recovery, where they would be - 

There are four f a c i l i t i e s  i n  the reference fuel cycle that process the actinides: the 

fuel reprocessing plant (FRP), the fuel fabrication plant (FFP), and a col ocated waste treat- 
ment f a c i l i t y  (WTF) for  each. The purpose o f  the t w o  WTF's would be t o  recover a high per- 
centage o f  the actinides tha t  would ordinari ly be delegated t o  process wastes. 

The FRP-UTF and FFP-WTF would have the following canmon process capabil i t ies: 

(1) Actinide recovery 

(2) Cation exchange chranatography (CEC) 

(3) Acid and water recycle 

(4) Sal t  waste treatment 

(5) Sol i d  a1 pha waste treatment. 

I n  addition, the FRP-WTF would have high-level l i qu id  waste and dissolver sol id waste treat- 
ment process capabilities. The WTF f a c i l i t i e s  would be constructed on s i tes about 460 m 
(1,500 f t )  from the FRP and FFP, but s t i l l  within a fuel cycle center that  would allow cannon 
services and u t i l i t i e s  for  the ent ire center. Additional detailed design and cost in fona-  
t i o n  i s  available i n  Smith and Davis (1980). 

Since transmutation would take place i n  the reactor i t se l f ,  no special f a c i l i t i e s  would 
be required, although the i r radiat ion levels o f  the recycle fuel  require that  the fuel assent 

b l ies  be handled remotely. Because transmutation w u l d  eliminate only a specific segment o f  
the waste, a l l  the f a c i l i t i e s  required fo r  conventional te r res t r ia l  disposal , e.g., a mine 

geol ogic repository as described i n  Chapter 5, would a1 SQ be necessary i n  t h i s  fuel cycle. 

The use o f  transmutation would not s igni f icant ly  change the to ta l  amount o f  waste or the 
necessary throughput o f  waste disposal f a c i l  i t ies.  

Retrievabil ity/Recovery 

The segment 

characteristics 

o f  waste disposed o f  i n '  the mined geologic repository would exhibi t  the: same 

discussed i n  Chapter 5 o f  t h i s  report. - 



6.1.7.3 Status o f  Technical Development and R&D Needs 

Only the referenced use o f  transmutation - recycling, using canmercial nuclear reactor 

fuels, t o  minimize the actinides contained i n  radioact ive waste - i s  ,discussed here. Part o f  

the R&D as'sociated wi th  transmutation would be the continued invest igat ion o f  other useful 

appl icat ions o f  the process. There are several other waste constituents t ha t  could be trans- 

muted. 

Present Status o f  Development 

Transmutation represents an advanced processing concept t h a t  would require R&D work be- 

fore incorporation i n t o  any system. There are s t i l l  uncertainties associated wi th  many o f  the  

subsystem detai ls. A1 though the concept i s  technica l ly  feasible, i t  should be recognized 

tha t  the  required design bases have not been s u f f i c i e n t l y  ref ined t o  permit construction of 

fu l l -sca le  f a c i l i t i e s .  For some pa r t i t i on  subsystems, laboratory experiments have been deve- 

loped t o  demonstrate technical f e a s i b i l i t y  only. Only nprel iminary material balance calcul  a- 

t ions have been performed and, i n  most cases, no energy balances are available. 

A number o f  transmutation devices f o r  converting various nuclides t o  other more desirable 

forms have been studied. Neutron i r rad ia t ion  can be carr ied out wi th  nuclear explosive de- 

vices, f i s s i o n  reactors, o r  fusion reactors. Accelerators can provide charged pa r t i c l e  beams 

o f  protons o r  heavier ions f o r  producing neutrons f o r  i r r ad i a t i ng  selected nuclides. For the 

actinides, the  most pract ical  transmutation occurs by i r r ad i a t i on  by a f i s s i on  reactor neu- 

t ron source. The estimated act in ide transmutation r a te  u t i l i z i n g  camnercial l i g h t  water re- 

actors i s  about 6 percent f o r  each full-power year tha t  the actinides are i n  the redctor 

(EPAIMITRE 1979). 

There are four pr incipal  methods f o r  recycl ing actinides i n  1 igh t  water reactors: (1) 
dispersing the actinides homogeneously throughout the en t i r e  fuel  reload, (2 )  dispersing the 
actinides homogeneously i n  only t he  mixed-oxide fue l  , (3) concentrating the recycled waste 

actinides i n  target rods wi th in  an otherwise o rdha ry  fue l  assembly, and (4) concentrating 

the  recycled waste actinides i n  target rods t h a t  are then used t o  make up a target assembly. 

I n  the f i r s t  two methods, the actinides include a1 1 o f  the- pl  utoniun generated i n  the reac- 

. tor. I n  the second two methods, plutonium (an act in ide) i s  excluded f ran the targets but i s  

recycled i n  a mixed-oxide fuel. (h the basis o f  prel iminary qua l i ta t i ve  evaluation, i t  would 

appear that  the second recycle mode, homogeneous dispersal o f  the actinides i n  the mixed- 

oxide fuel, i s  preferred over the others (Wachter and Crof f  1980). 

Techno1 ogical Issues 

The e f fec t  o f  a transmutation recycle, as opposed t o  the uranium and plutoniun recycle 

mde, on the  various elements o f  a conventional fue l  cyc le  depends la rge ly  on two factors-- 

the transmutation ra te  i n  the reactors and the manner i n  which the transmutation reactors are 

decomnissioned as the cycle i s  eventually terminated. Important technological issues are: - 



The use o f  canmercial power reactors as transmutation devices mfght r esu l t  i n  f i s s i l  e 
penal t ies,  reactor peaking probl ems, reduced reactor ava i lab i l i t y ,  and increased 
operating costs. 

Because o f  increased concentrations o f  radioisotopes wi th  high spec i f ic  ac t i v i t i es ,  
and/or modif ications o f  ex is t ing systems due t o  changes i n  requirements, transmutation 
recycles could require addit ional containment systems t o  1 i m i t  the re1 ease o f  radioact i -  
v i t y  a t  the  reactor s i t e  t o  acceptable 1 evels. 

Many transmutation cycles would increase fue l  handling requirements because o f  the  more 
frequent inser t ion  and removal o f  fuel  and transmutation targets from the reactor core. 
Most transmutation cycles would r esu l t  i n  increased shielding requirements both f o r  
f resh and spent fue ls  and transmutation targets. 

Decanmissioning and disposal o f  reagents f ran par t i t i on ing  and transmutation f a c i l i t i e s  
would be compl icated by the increased demands f o r  shielding, mu1 ti p l  e chemical processes, 
and waste streams. 

The durat ion o f  the transmutation cycle i s  important i n  estimating i t s  overa l l  effec- 

tiveness i n  reducing the t o ta l  r ad i o tox i c i t y  o f  transmutable elements i n  the  environent. 

Premature termination of the transmutation cycle could actua l ly  increase the rad io tox ic i t y  o f  
the  wastes. This i s  because t he  resu l t i ng  inventory sent t o  a f i n a l  disposal system might 

have more a c t i v i t y  than it would i f  the transmutation cycle had not been in i t ia ted.  

R&D Requirements 

The R&D requi ranents f o r  pa r t i t i on ing  would involve speci f i c  near-term subtasks t o  cl a r  

i f y  points o f  uncertainty i n  the  current process parameters and techniques. However, t o  

f u l  l y  devel op and demonstrate act in ide pa r t i  t i o n i  ng , a program would have t o  i nc l  ude addi- 

t iona l  process research and developnent, a co ld  (nonradioactive) tes t ing  f a c i l i t y ,  equipnent 

dwelopnent and testing, and p i l o t  plant deslgn, l icensing, construction, test ing,  and 

operation. 

Transmutation R&D would include spec i f ic  nucl ide cross section measurements, reactor 

physics calculations, and i r r ad i a t i on  t o  f u l l  burnup o f  t e s t  fuel  assemblies t o  v e r i f y  

calculations. The i r r ad i a t i on  tes ts  would also serve t o  confirm the  design and fabr icat ion 

o f  the fuel assemblies and t h e i r  c m p a t i b i l i t y  w i th  and performance i n  the reactor during 

power operation. 

The design, construction, and test ing o f  a prototype shipping cask made f ran the  re1 a- 

t i v e l y  unconventional material s proposed might a1 so be required. Speci f i c  aspects o f  cask 

technology t h a t  might require a t tent ion are: techniques for indus t r ia l  fab r i ca t ion  o f  s p e  

cia1 shielding materials, such as B&Cu and LiH, invest igat ion o f  the a b i l i t y  o f  the cask 

using such mater ia ls t o  conduct the heat fran the fue l  contents, and the e f f e c t  o f  the un- 

usual construction mater ia ls on safety considerations i n  cask design. 
I 

F inal ly,  continuing w e r a l l  studies t o  define the preferred methods o f  operating the fue l  

cycle and the impacts and benef i ts  o f  t h i s  operation would be o f  primary importance. 



Implementation Time 

The long lead time f o r  implementing t h i s  a1 ternative i s  based on the orderly developnent 
o f  a c m e r c i a l  scale part i t ioning plant, which would be expected t o  take about 20 years. 
The f i r s t  10 years 'would be devoted t o  part i t ioning research and the developtent and testing 
o f  a p i l o t  plant, as reflected i n  Table 6.1.20. A l l  o f  the RLD programs involving transmuta- 

tion, fuel assembly and shipping cask developnent, and system studies could be accanplished 
i n  concurrence with the part i t ioning schedule. 

Estimated R&D Costs 

Table 6.1.20 ident i f ies estimated R&D costs necessary t o  demonstrate the transmutation o f  

actinides. It does not include costs associated with providing a camnercial scale partit ion- 
ing plant, the necessary modi f ications to  the fuel fabrication f a c i l i t y  and 1 ight water reac- 
tors, o r  a transportation system required t o  u t i l i z e  the partitioning-transmutation o f  acti- 
nides as a waste disposal alternative. 

Summary j 

W jor  uncertainties, shortcanings, and advantages o f  the concept are surmarized below: 

a The concept i s  actually a method o f  waste treatment o r  conversion t o  a more benign form; 
i t  i s  not an independent disposal method. 

0 Additional waste streams during the process are generated so that the actual volune o f  
waste fo r  isolat ion i s  greater than without it; 

0 The technology fo r  e f f i c i en t  transmutation (waste part i t ioning and advanced reactors) 
are considered to  be long-term achievements. 

TABLE 6.1.20. Estimated Transmutation RLD Costs And 
Imp1 ementation Time 

Cost, $ 'm i l l i on  Time Span, years 

Parti t i on  R&D 
(Incl udes Pi1 ot P l  ant) 560 10 

Transmutation R&D 16 r 15 

Transportion 56 10 

System Studies 8 Continuous 



6.1.7.4 Impacts o f  Construction and Operation (Preempl acement ) 

As described i n  Section 6.1.7.1, the  transmutation opt ion would include e l  iminat ion of 

ce r ta in  long-l ived radioact ive wastes and the  disposal o f  the  remaining waste mater ia l  i n  a 

mined geologic repository. The potent ia l  benef i ts o f  transmutation tha t  would be real  ized 

for the  lower leve ls  o f  long-l ived hazardous material are discussed i n  Section 6.1.7.5, while 

sho r t - t en  impacts o f  construction and operation are discussed.here. Because these short- 

term impacts include those o f  a mined geologic repository, impacts i den t i f i ed  i n  Section 5.6 
must be considered a part  o f  t h i s  option. I n  addition, impacts associated w i th  reprocessing 

and discussed i n  Section 4.7 would occur. 

Because transmutation i s  a waste processing option involv ing extra waste treatment steps, 

a meaningful impact analysis i s  possible only h e n  a transmutation system i s  canpared w i th  a 

reference processing and disposal system. I n  the fol lowing analysis, the  reference system 

includes waste reprocessing and f i n a l  disposal i n  a mined geologic repository. 

Another important fac to r  i n  t h i s  discussion i s  tha t  impacts a t t r i bu ted  t o  one plant 
general ly re la te  t o  a reprocessing plant hand1 ing  2000 MTHM per year and a fue l  fabr icat ion 

plant handling 660 MTM per year. Such a hypothetical p lant  provides the basis o f  much o f  

the information used i n  t h i s  analysis (Blaneke e t  at. 1980, Fullwood and Jackson 1980, Logan 

e t  al. 1980). Depending on the actual amount o f  nuclear wastes generated, several o f  these 

plants could be constructed. 

Health Impacts 

Radiological Impacts. The increased frequency o f  waste handling and transportation 

a c t i v i t i e s  associated wi th  the transmutation opt ion suggests t ha t  i t  would resu l t  i n  in- 

creased rad ia t ion exposures compared w i th  t he  mined geologic reposi tory option. 

ORNL estimated the  radiological  occupational impact of the  reference concept based on 

rout ine exposure, maintenance exposure, and anticipated abnormal occurrences (Ful lwood and 

Jackson 1980). Table 6.1.21 presents the  co l lec t i ve  dose ra tes calculated f o r  the four f a c i l -  

i t i e s  included i n  the study. The values range fran a low o f  3 man-ren/pl ant-year f o r  an 

abnormal occurrence i n  the FFP-WTF t o  a high of 230 man-rem/plant-year f o r  rout ine and 

maintenance exposure i n  the FFP. 

The radiological exposure t o  the general pub1 i c  ar is ing f ran rout ine operations i s  a con- 
sequence of the fact t ha t  the facilities would have t o  provide fresh a i r  f o r  the workers and 

vent gases t o  the atmosphere. I n  sp i te  o f  elaborate air-cleaning practices and equipment, 

small amounts o f  radioact ive materials would be discharged i n t o  the atmosphere; the  amount 

varying w i th  the chemical species. Estimates have been made f o r  the amounts o f  radioact ive 

materials t ha t  are expected t o  be discharged f ran each plant (Fullwood and Jackson 1980). 
The resu l t ing exposures, based on these estimates, a re  presented i n  Table 6.1.22. The val ues 

range from 680 t o  736 man-rem/plant-year f o r  the  Reference F a c i l i t y  and the P-T respectively. - 



TABLE 6.1.21.. Annual Routine Radio1 ogical Occupational Dose 

-Exposure, man-remjpl ant-year 
Operat Son 

Faci 1 i ty  Routine Maintenance Abnormal 

FRF-WTF (2) 220 220 10 

FFP (3) 230 230 10 

FFP-CITF (4) 90 90 3 

Reference F a c i l i t y  (1) and (3) 

. 
The more s ign i f icant  o f  the postulated accidents have been analyzed as t o  the. resu l t fng 

e f fec ts  on the plant workers. I n  general, indiv idual  worker exposure uould exceed public ex- 
posure because o f  closeness t o  the accident. Isotopic differences betueen the two cycles 

w u l d  resu l t  i n  m a l l  differences i n  exposure, so there i s  negl ig ib le  d i s t i nc t i on  between the 

Reference and the P-T cycle, except 'that the Reference F a c i l i t y  does not contain the two 

UTF's. lhe to ta ls  f o r  the canponent f a c i l i t i e s  are presented i n  Table 6.1.23. The de ta i l s  

o f  the accidents and other assunptions are given i n  Fulluood and Jackson (1980). 
- ,  

Table 6.1.24 presents corresponding data f o r  the norcoccupational 'consequences o f  the 

mstulated accidents. 

TABLE 6.1.22. Annual Routine NobOccupational Dose 

Exposure, marcrem/pl ant year 

Process Stage Ref, Fac i l  i t y  P-T 

FRP 
, . 680 73 0 

FRP-WTF - 5.3 

FFP 

FFP-WTF 

Totals 680 736 



TABLE 6 .I .23. Occupational Radiol ogical Exposure--Abnormal 

FRP 1.3 x 10-2 

FRP-WTF 1.3 x 10-2 

FFP 4 x 10-2 

FFP-WIT 7 x 10-3 

Besides the plants and processes another major ac t i v i t y  i n  the fuel cycle would be 
transportation 1 inks fo r  fresh fue l  movement, spent fuel  movement, powder movement between 

the FRP and FF'P, and waste movement fro. the FRP-FFP canplex t o  the repository and disposal 
area. Table 6.1.25 presents data result ing frm accident analyses o f  the s ix  transportation 
steps considered f o r  the two fuel cycles. 

Nonradiological Impacts. Nonradiol ogical impacts would resul t  frm two factors tha t  a re  
unique to  the transmutation alternative, First, the par t i t ion ing process would require addi- 
t ional f a c i l i t i e s  a t  the reprocessing plant and at the MOX fuel fabr icat ion fac i l i t y ,  

Second, the.nature o f  the wastes that would be generated by transmutation dictates increased 

transportation act iv i t ies. 

TABLE 6 -1.24. Non-Occupational Radiol ogical Exposures--&normal 

Exposure, mar+rem/plant year 

Process Stage Ref. F a c i l i t y  P-T 

FRP 5 x 10-3 5 x 10-3 

FRP-WTF - 6 x 10-5 

FFP 3 x 10-5 3 x 10-5 

FFP-W lF 

Reference Facil i ty 

P-T 



TABLE 6.1.25. Transportation Non-Occupational Radio1 ogical 
Ex posures--Abnormal 

Exposure, man- rem/pl ant year 
Transportation 

Step Ref. F a c i l i t y  P-T 

Spent Fuel 2.3 x 10-3 3 x 10-3 
Powder 2.3 x 10-10 3 x10-10 
Fresh Fuel 6 x 10-5 3 x 10-5 
Cladding Hul ls 1.2 x 10-2 1.3 x 10-2 
HLW 8 x 10-4 6 x 10-4 - 
M-H LW 1 x 10-1 9.8 x 10-2 

Totals ' 1.1 x 10-1 1.1 x 10-I 

A closer examination o f  the f i r s t  fac tor  reveals t h a t  the addit ional pa r t i t i on ing  

f a c i l i t i e s  m u l d  be colocated a t  reprocessing and fue l  fabr icat ion sites. These incremental 

changes are analyzed as they would a f fec t  operational, environnental, and resource 

considerations. 

Regarding the second factor, t ransportat ion impacts, the  r e l a t i v e l y  small carrying capa- 

c i t y  o f  the canisters tha t  would be used t o  transport the fresh and spent f ue l  means more 

t r f p s  per u n i t  o f  fuel than wi th  options involving unpart i t ioned wastes. Furthermore, more 

waste would be gbterated. This would lead t o  more transportation impacts. It i s  estimated 

t ha t  the f a c i l i t i e s  included i n  t h i s  option would process 2,000 MTHM per plant per year. 

This means an estimated nine t r i p s  involv ing hazardous material would have t o  be made each 

day, as canpared wi th  an estimated seven t r i p s  per day f o r  f w l  reprocessing without trans- 

mutation (Fullwood and Jackson 1980). Although the increased missions, chance o f  dera i l -  

ment, and camnunity concern associated with more intensive transportation could not be 

accurately determined u n t i l  a spec i f ic  disposal system i s  proposed, i t  i s  recognized t h a t  

transportation impacts m u l d  be greater than those f o r  the reprocessi ng-on1 y case. 

Nonradiol ogical health e f fec ts  woul d occur as a resul t o f  construction and operation 

act iv i t ies .  I n  sp i te  o f  scrubbers and other air-cleaning devices, small amounts o f  hazardous 

material s, would be discharged in to  the atmosphere. There would be two main sources o f  these 

po l l  utants: the chemical processes themselves and the  aux i l  i a r y  sew ices, pr imar i ly  the 

steam supply system, which i s  assuned t o  burn fuel o i l .  Table 6.1.26 presents the annual 

health e f fec ts  f o r  transmutation. The data are based on estimates f o r  the A l l i ed  General 

Nuclear services plant a t  Ba rnw l l  , South Carolina, but are scaled t o  a1 low f o r  the larger  

size o f  the transmutation fac i l i t i es .  The health e f fec ts  were estimated f ran epidemiological 

studies on SO2 and i t s  relat ionship t o  the other pollutants. '  

The increased transportation required . for  the transmutation a l ternat ive suggests a 

greater 1 i k e l i  hood o f  occupational and nonoccupational hazards than wigh options not involv- 

ing par t i t ion ing.  Unlike radio1 ogical impacts, nonradiological concerns should not vary 

s ign i f i can t l y  f ran those o f  an indust r ia l  f a c f l i t y  not involved i n  nuclear ac t i v i t y .  



TABLE 6 J.26. Summary Effects (Per Pl ant-Year) o f  NorbRadiol ogical 
Ef f luents (Fullwood and Jackson 1980) 

Premature Deaths/yr Permanent D i  sabi l  i t ies /yr (a)  
Reference Reference 

Plant F a c i l i t y  Transmutation F a c i l i t y  Transmutation 

FRP 4 4 14 14 
FRP-WTF' -- 7 -- 21 
FFP 0.2 0.2 0.6 0.6 
FFP-WTF -- 3 

Total s 1x2 

(a) Based on d i s a b i l i t i e s  l as t i ng  longer than 6000 person-days. 

Probably the  sing1 e most important nonradio1,ogical hazard would r esu l t  f ran  the  chemical 

processing, handling, and transportat ion ac t i v i t i es ,  during hhich accidents could happen. 

The uncertaint ies associated w i th  t h i  s mproven techno1 ogy make precise analyses o f  these 

hazards d i f f i c u l t .  Health evaluations, however, suggest tha t  such hazards would pose a p  

proximately 20 times the r i s k  o f  the radiological  occupational hazards (Blaneke e t  al. 1980). 

Other factors, such as seismic ac t i v i t y ,  f i res ,  o r  severe meteorologic conditions, could 

lead t o  abnormal conditions. No such factors o r  t h e i r  ensuing impacts, however, have been 

i den t i f i ed  as warranting detai led envirormental anal y s i  s f o r  the transmutation f a c i l  i t i e s .  

Natural System Impacts 

Transmutation a c t i v i t y  would involve handling several chemicals posing a potent ia l  health 

hazard. These chemicals would represent a threat  t o  the  natural env i ronent  surrounding fue l  

handling and processing f a c i l  i ties,  as we1 1 as t o  the interconnecting t ransportat ion 

networks. Indiv idual  impact scenarios have not been postulated, bu t  i t  can be assmed t ha t  

there would be a r i s k  o f  nonradiological impact associated with use o f  these chemicals not 

un l ike tha t  experienced by ce r ta in  chemical process industr ies today. 

Other nonradiological ecosystem impacts would r esu l t  f ran construction, operation, and 
maintenance act iv i t ies .  Such impacts cannot be f u l l y  addressed except f o r  a spec i f ic  site. 

I n  general, potent ia l  impact would be s imi lar  t o  .that o f  a canparably sized indus t r ia l  ope- 

ration. Reductions i n  the quant i t ies  o f  natural vegetation, an increase i n  runoff, and e l i -  

mination o f  ce r ta in  habi tats are types of impacts t ha t  would be expected f ran such a fac i -  

l i ty. Although s imi lar  t o  impacts described f o r  the baseline case o f  a fuel  reprocessing 

operation t ha t  includes a mined geologic repository, the transmutation impacts m u l d  be 
greater because addit ional f a c i l i t i e s  and increased transportat ion would be involved. 



Socioeconomic .Impacts 

Socioeconomic impacts associated with the transmutation a1 ternat ive would occur pr imar i ly  

as a resu l t  o f  construction, operation, and transportation act iv i t ies .  Imp1 ementation o f  

t h i s  a1 ternat ive would involve a major construction force o f  over 3,000 individuals. Employ-' 

ment needs during operation would diminish t o  approximately 350 individuals per year f o r  the  

FRP-WTF and 250 f o r  the FFP-WTE (Smith and Davis 1980). These ac t i v i t i es  would also support 

increased transportation employment. 

Canpared t o  the base1 ine  case o f  reprocess1 ng without par t i t i on ing  , operational em- 
ployment leve ls  f o r  transmutation would increase substant ia l ly a t  the reprocessing and MOX 
fuel  fabr icat ion centers. Estimated work force increases are 35 and 80 percent a t  repro- 

cessi ng and fuel  fabr icat ion fac il i ties, respectively. Estimated socioeconomic impacts o f  

such f a c i l i t i e s  are only conjectural a t  t h i s  point  and speci f ic impacts o f  hypothetical com- 

munities and groups are not included i n  t h i s  discussion. 

  esthetic Impacts 

No data ex is t  suggesting tha t  aesthetic concerns fran f a c i l  i t i e s  required f o r  trans- 

mutation hc t i v i t i es  uould be greater than those associated with the reprocessing without 
' 

part i t ioning. Neither the appearance o r  noise leve ls  produced from the additional parti- 
t ion ing f a c i l i t i e s  should vary s ign i f i can t l y  fran the baseline fue l  reprocessing and prepara- 

t i o n  f a c i l  i t ies. 

Resource Consumption 

Fuel and raw materials used i n  construction, as well as the chemicals and fuel  required 

during operations and subsequent transportation act iv i t ies ,  would be the  most important re- 

sources used i n  the par t i t ion ing and transmutation process. For construction act iv i t ies ,  a 
range o f  energy sources would be used i n  hardware fabr icat ion and i n  actual construction 

operations. Other bui ld ing materials such as steel, sand, and gravel t yp i ca l l y  used i n  major 
construction ac t i v i t i es  would a1 so be consmed. 

The reprocessing and par t i t ion ing process would a1 so requi r e  quant i t ies o f  chemicals , 
including n i t r i c  acid, hydrofluoric acid, hexanitrate acid, and several solvents. These 
chemicals would react wi th  the waste material t o  form secondary wastes, as well as the de- 

sired end products. 

Additional land rrould be required f o r  t h i s  a1 ternative. Facil  i t i e s  a t  the reprocessing 

plant should occupy 70 ha (172 acres) (Smith and Davis 1980) canpared with 36 ha (90 acres) 
a t  present (DOE 1979c), and a t  the fuel fabrication plant 24 ha (59 acres) (Smith and Davis 

1980) cmpared with 3 ha (8 acres) a t  present (DOE 1979~). Such a f a c i l i t y  would normally 

process approximately 400 HTtM/year. i n  addit ion t o  the acreage occupied by each f a c i l i t y ,  

large "restr icted" areas would have t o  be established. Because o f  the  conceptual nature o f  

these f a c i l i t i e s  and the many possible ways they might be l a i d  out, there are no speci f ic es- 

timates o f  the t o ta l  size o f  res t r i c ted  areas. At a minimum, the c m h d  reprocessing and 



waste treatment f a c i l i t y  would require a 2400 ha (6000-acre) restr icted area while the fuel 

fabrication plant would require a 4000-ha (10,000-acre) restr icted area. These figures are 

based on estimates fo r  the reprocessing and fuel fabrication plants without waste treatment 

f a c i l i t i e s  (DOE 1979~). 

International and Domesti c Legal and Inst i tu t ional  Considerations 

The primary inst i tu t ional  concern associated with implementation o f  a transmutation proc- 

ess would be the canpat ib i l i ty  between such a system and existing power reactors. Specific- 

al ly,  the use o f  commercial power reactors as transmutation devices might resu l t  i n  s ign i f i -  

cant f i s s i l  e penal t ies, reactor peaking problems, reduced reactor avail ab i l  i t y ,  shielding 

requirements for  fresh fuel, increased operating costs, and the need fo r  s igni f icant ly  more 

enriched 23% as a dr iver fuel. Consequently, technological improvements i n  transmutation 

processes or  an evaluation o f  the inst i tu t ional  framework surrounding establishment of new 

nuclear plant operating standards i s  needed before the transnutation alternative can be 

imp1 emen ted . 
Finally, i t  must be recognized that  the part i t ioning and transnutation processes include 

intensive reprocessing of nuclear waste material and pl utonium recycle. Adoption o f  the 

transmutation a1 ternative therefore, would be inconsistent with t h i s  nation's current pol i c y  

regarding reprocessing . 

6.1.7.5 Potential Impacts Over the Long T e n  (Postemplacement) 

Successful implementation o f  the transmutation process would reduce the long-term hazards 

associated with waste material. In fact, e f fect ive transmutation would v i r t u a l l y  eliminate 
concerns with actinides and t h e i r  daughters. Although the potential long-term benefits would 

be significant, there are long-term uncertainties and problems tha t  must be weighed against 

them. 

Potential Events 

For t h i s  option, TRU-depleted wastes are assumed t o  be sent t o  a mined geologic reposi- 

tory. Therefore, events leading to  potential problems over the long term fo r  t h i s  option 

would be the same as those associated with the mined geologic repository (see Section 5.6). 
A major difference exists i n  impacts, however, because transmutation wastes would not be as 

toxic i n  the long term (beyond 1,000 years). 

Potential Impacts 

Impacts over the long t e n  would be expected t o  be less severe than those anticipated 

wi th reprocessing only, since the waste placed i n  the repository would be partitioned and 

transmuted t o  reduce i t s  toxici ty.  An important exception to  t h i s  would occur following e a r  

l y  tennination o f  the transmutation cycle. Such tennination can actually increase the 

radiotox ic i ty  o f  the wastes, as mentioned ear l ie r  (Croff e t  al. 1977). 



Results o f  a long-term r i s k  canparison (Logan e t  al. 1980) between a reference (no trans- 
mutation) and a transmutation fuel cycle indicate that: 

0 Cs-137 and Sr-90 would,daninate the health effects during the f i r s t  few hundred years 
f o r  both fuel cycles. , . 

0 After a few hundred years and f o r  several tens of thousands o f  years thereafter, the 
most signi f icant nuclides fo r  the reference fuel cycle would include a generous mix o f  
actinides and the i r  daughters a t  a s ign i f icant ly  reduced ac t i v i t y  level. Transmutation 
would strongly reduce the effects during t h i s  period. 

0 During l a te r  years, two nuclides, Tc-99 and 1-129, which are released by leaching, would 
canpletely daninate a1 1 other nuclide contributions. Because these nuclides are not 
removed through transmutation, the results show no benef i t  during these l a t e r  years. 

Long-term health effects have been integrated over 1 m i l l i on  years t o  determine the 
1 ong-term probabil i s t i c  (expected) r i sk  (Bl aneke e t  a1. 1980 and Logan e t  a1. 1980). The 

long-term r i sk  was found t o  be controlled t o  a very large extent by the contributions f ran 
Tc-99 and '1-129, which constitute about 99 percent o f  the integrated risk. :This i s  because 
(1) the slow leach incident daninates the long-term probabilistic r i s k  since i t was assuned 
t o  have a much higher probabi l i ty o f  occurrence than a volcanic o r  meteor incident and (2) 
only those nuclides that  sorb poorly or not a t  a l l  ( i  .e., iodine, technetiun, carbon) m i -  
grate through the geosphere quickly enough t o  reach .the biosphere within l m i l  l ion years. 

Therefore, transmutation o f  actinides would have i t s  most substantial value i f  an unl ike ly  

event occurs. For example, the probabi l i ty o f  a volcanic incident i s  only one i n  100 b i l -  
l ion, but i f  i t  should occur, the radioactive material could enter the biosphere very 

rapidly. 

Looking a t  the issue described above i n  another way, i t i s  noteworthy tha t  catastrophic 
events occurring beyond 100 years following emplacement would not cause signi f icant radio- 
logic health effects i f  transmutation h e r e  employed. 

- 

6.1.7.6 Cost Analysis 

The cost o f  u t i l i z i n g  transmutation t o  modify the radionuclide canposition o f  waste would 
be added t o  the cost o f  disposal associated with remaining modified waste. lbwever, modifi- 

cation o f  the' waste's radionucl ide content has the potential t o  a l lev iate sane o f  the dis- 
posal requirenents and reduce these costs. Such costs have not been developed a t  t h i s  time. 

Costs have been developed f o r  a fuel cycle including act inide transmutation u t i l i z i n g  
c m e r c i a l  l i g h t  water reactors as the transmutation device. These were canpared with t he  

costs o f  a mixed-oxide fuel cycle (A1 exander and Croff 1980). This study indicated cost in- 
crease o f  about 3 percent fo r  nuclear generated e lec t r i c i t y  i f  actinide transmutation were 

u t i l  ized f o r  disposal purposes. 

The signif icant cost d i f fe ren t ia ls  were associated with the requirement o f  specialized 

part i t ioning f a c i l i t i e s  and hardware. The continued recycle o f  actinides i n to  the f ue1 cycle 
would increase the neutron ac t i v i t y  within the fuel material about tenfold f o r  spent fuel and 



more than 100 times f o r  fresh fuel. These increases must be taken i n to  account by increased 

shielding and by use o f  remote operations and maintenance when designing fuel cycle f ac i l -  

i t i es .  Reprocessing costs would increase by an estimated 5 percent, fuel fabrfcation costs 

w u l d  double, and transportation costs would nearly t r i p l e  (Smith and Davis 1980). 

The fol louing cost estimates are f o r  only the specialfzed par t i t ion ing fac f l i t i es  col- 

ocated with t h e i r  respective mixed-oxide fuel fabrication f a c i l i t y  and spent fuel reproces- 

sing fac i l i t y .  The fuel  fabrication plant has a throughput o f  660 MTHM per year 'and the re- 
processf ng plant a throughput o f  2,000 MTHM per year. 

Capital Costs 
I 

The par t i t ion ing process buildings are first-of-a-kind f a c i l i t i e s  that, i n  several 

instances, include process opera&ns that have not advanced beyond laboratory t es t  and 

evaluation. Therefore, considerable judgment was used i n  the develapnent o f  the capital  

costs shown i n  Table 6.1.27. 

Operatings Costs 

Estimated operating costs are shown i n  Table 6.1.28. Labor cost estimates are based on 
an average salary of $20,000 per year for management,' engineering, and supervision and 

$14,500 per year f o r  operators, maintenance personnel, guards, laboratory technicians, and 

c le r ica l  personnel. 

TABLE 6.1.27. Capital Costs For Part i t ioning Fac i l i t i es  
(Mi l l ions o f  1978 D o l l a r s ~  
(Smith and Davis 1978) - 

Col ocated .With Col ocated With 
Reprocessing Plant Fuel ~abr icat ion-Plant  

Material Labor Total M-S 

Land Improvements 
Process Fac i l i t i es  
Tunnel and Piping 
Support Facf 1 i ti es 

Subtotal 

Field Indirects and 
S/C1 s OHdrP 

Subtot a1 

Engineerf ng & ' ~ e s i ~ n  
Subtotal 

Cont i ngency 
Tot al 



TABLE 6.1.28. Operati ng Costs For Par t i t ion ing Facil  i t i e s  
(Mi l l ions o f  1980 Dollars) 

Col ocated M i  t h Col ocated With 
Reprocessing Plant Fuel Fabrication Plant 

Process Chemical s 16.0 
U t i l i t i e s  6.2 
Labor 8.2 
Equi pnent Rep1 acement 3.8 
Property Tax and Insurance 26.0 
NRC License and Inspection - 0 -2 

Total 

Decommissioninq 

Decmissioning costs associated wi th  the par t i t ion ing f a c i l i t i e s  were estimated to be 12 

percent o f  the capi tal  costs f o r  the par t i t ion ing f ac i l i t i e s ,  i.e., $105 m i l l i o n  f o r  the 

f a c i l i t y  colocated with the reprocessing plant o r  $45 m i l l i o n  f o r  the f a c i l i t y  colocated wi th  

the fue l  fabr icat ion plant. 

6.1.7.7. Safeguard Requirements 

The transnutation concept depends on processing o f  the spent fuel elements and the re- 

cycle o f  t rakmutable materials. The extra processing and transportation, and the avai lab i l -  

i t y  o f  sensit ive materials a t  a l l  points i n  the back end o f  the fuel cycle would increase the 

opportunity f o r  diversion o f  these materials. I n  addition, because o f  the necessity t o  pro- 
cess and recycle material eight o r  nine times t o  ensure f u l l  transmutation, the annual 
throughput o f  sensit ive materials would great ly  increase. Material accountabil i ty would also 

be more d i f f i c u l t  because o f  the large quantit ies and high i r r ad ia t i on  levels. Safeguards o f  
recycled plutoniun would be simpl i f ied because o f  the higher concentration o f  2 3 8 ~ ~ .  Also, 

recycled actinides containing 2 5 2 ~ f  and 245 /h  mu1 d require Shielding from neutrons t ha t  

should s impl i fy safeguard requirements. Furthermore, because geologic disposal would be 

required on the same scale as discussed i n  Chapter 5, a l l  the safeguard requirements des- 

cribed there would also be required f o r  a fuel  cycle using transmutation. See Section 4.10 
f o r  additional discussion of pt-edisposal operation safeguard requirements. 



6.1.8 Space Disposal 

6.1.8.1 Concept Sumary 

Space disposal offers the option of permanently removing part  o f  the nuclear wastes 

from the Earth's environment. I n  t h i s  concept, HLW would be fomed i n t o  a cermet matrix . 
and packaged i n  special f l i g h t  containers for inser t ion i n t o  a solar orbi t ,  where it would 

remain for  a t  l eas t  1 m i l l i o n  years. NASA has studied several space disposal options since 

the ear l y  1970s. A reference concept using an uprated Space Shutt le has emerged and i s  

considered i n  de ta i l  here. 

The Space Shutt le would carry the waste package t o  a low-earth orb i t .  A t ransfer 
vehicle would then spearate from the Shutt le t o  place the waste package and ariother 

propulsion stage i n t o  an ear th  escape trajectory.  The t ransfer  vehicle would re turn t o  the 

Shutt le while the remaining rocket stage inserted the waste i n t o  a solar orbi t ,  

The space disposal option appears feas ib le  for  selected long-l ived waste f ract ions,  or  

even f o r  the t o t a l  amount o f  high-level waste tha t  w i l l  be produced. The remaining TRU 

wastes would require some te res t r i a l  disposal option, such as mined geological reposi tor ies 

i n  the continental' U.S. Space disposal o f  unreprocessed fue l  rods does not appear economi- 

c a l l y  feas ib le  or pract ica l  because of  the large number o f  f l i g h t s  involved. 

Space disposal was considered for i t s  potent i  a l  t o  reduce long-term environmental 

impacts and human health effects for a given quant i ty and type o f  waste compared wi th  

a l ternat ive t e r r e s t r i a l  disposal options. Because of the character ist ics o f  the space 

disposal concept, which removes the waste package from the bioshpere, it i s  h igh ly  un l i ke ly  

that  physical forces would cause the radioisotopes t o  migrate toward the Earth, Conse- 
quently, f o r  a package properly placed i n  orbi t ,  there would be no long-term r i s k  or  

surveil lance problem as i n  t e r r es t r i a l  alternatives. However, the r i s k  and consequence o f  

launch pad accident and low earth o r b i t  fa i l u re  must be compared t o  the r i s k  o f  breach o f  

deep geologic repositories. 

6.1.8.2 System and F a c i l i t y  Descriptions 

System Options 

The reference concept and system f o r  the i n i t i a l  space disposal o f  nuclear waste has 

been developed fran a number of options available a t  each step from the reactor t o  u l t imate 

space disposal. These options are sumnarized i n  Figure 6.1.22 (Ba t te l le  1980), which ind i -  
cates cur rent ly  preferred options chosen for the DOUNASA concept, primary alternatives, . 
secondary alternatives, and options that  are no longer considered viable. The bases f o r  

selection o f  options for the reference concept (those blocked o f f )  are detai led i n  various 

sources l i s t e d  i n  Appendix M. 

Waste-Type Compat ib i l i ty  

As noted, space disposal o f  unreprocessed spent fuel rods would be impract ical  because 

an excessive number o f  launches would be required. This would r esu l t  i n  high energy re- 



FIGURE 6.1.22. Major 'options for  Space Disposal of Nuclear Waste 
. , 



quirements, high costs, and probably increased environmental impacts- (see Section 6.1.8.4). 

Thus, sone form of  waste separation would be required. For HLW, the option appears t o  be 

feasible, on the basis o f  the much lower number o f  Space Shutt le f l i g h t s  that  would be 
required (approximately one launch per week t o  dispose of  HLW from 5000 MT o f  heavy metal 

resu l t ing from operations of approximately 170 GGIe nuclear capactty). It i s  also possi- 

b l e  that  the space option would be used t o  r i d  the Earth o f  smaller quant i t ies o f  radio- 

act ive wastes tha t  pose sped a1 hazards for long-term te r res t r i a l  disposal. The disposal 

o f  selected isotopes would require chemical part i t ioning, wi th  i t s  high costs and secondary 

waste streams. Remotely handled and contact-handled TRU wastes from the recycle options 

would require geologic disposal. 

Waste-System Description 

The concept f o r  space disposal of nuclear waste described here i s  the current DOE/NhSA 
reference concept as relfected by the preferred options i n  Figure 6.1.22. To place the 

space disposal concept i n t o  perspective from a t o t a l  system viewpoint, Figure 6.1.23 shows 
the waste management system, emphasizing the locat ion and process f low detai ls o f  the space 

disposal al ternat ive within the t o t a l  system. Two points are apparent from t h i s  figure: 

(1) chemical processing would de f in i te ly  be required f o r  space disposal o f  waste, and (2) 
the mined geologic repository would be par t  of the t o t a l  system. The fol lowing discussion 

b r i e f l y  sunar izes the mission p ro f i l e  f r m  the standpoint of waste-type compatability, 

prelaunch act iv i t ies ,  and o rb i t a l  operations. Ba t t e l l e  (1980) presented a more detai led 

discussion o f  t h i s  p r o f i l e  and various element def in i t ions and requirements. 

~ re iaunch  ~ c t i v i t i e s .  The prelaunch ac t i v i t i es  would include nuclear waste processing 

and payl oad fabrication, ground transportat i  on of waste, on-si t e  payl oad preparation, and 

f i n a l  staging operations. 

Typically, spent fue l  rods from domestic power plants would be transported t o  the waste 

processing and payload fabrication s i t e  i n  conventional shipping casks (see Chapter 4). A 
high-level waste stream containing f iss ion products and act inf  des, including several tenths 

o f  a percent o f  the or ig ina l  plutonium and uranium, would resu l t  frm the uranium and pluto- 

nium recovery process. This waste would be fo,rmed i n t o  a Ucermetu matrix (Aaron e t  al. 

1979) (an abbreviation for ceramic par t ic les uniformly dispersed w i th in  a meta l l ic  phase), 

which has been shown t o  have superior properties compared wi th  other potent ia l  waste forms 

f o r  space disposal (Bat te l le  1980). The waste would then be fabricated i n t o  an unshielded 

5000-kg sphere. Within a remote shielded ce l l ,  t h i s  waste payload would be loaded i n t o  a 

container, which would be closed be sealed, inspected, decontaminated, and packaged i n t o  a 
f l i ght-weight gamna radiat ion shield assembly. Ouri ng these operations and subsequent 

in ter im storage at  the processing site, the waste package would be cooled by an aux i l i a ry  

cooling system. 
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The shielded waste container would be loaded in to  a ground transportation shipping cask. 
This cask m u l d  provide additional radiat ion shielding, as well as thermal and impact protec- 

t i o n  f o r  the waste container to  cunply with NRCIDOT shipping regulations. It would be 

transported to  the launch s i t e  on a special r a i l  car and be stored i n  a nuclear payload pre- 
paration f a c i l i t y  with provision f o r  additional shielding and thermal control, The waste 

containers would be monitored and inspected during storage. 

For launch, the shielded waste form would be integrated with: 

I A reentry vehicle, which would protect and st ructura l ly  support the waste i n  the Space 
Shuttle orb i ter  cargo bay 

e A solar o rb i t  insert ion stage (SOIS), which m u l d  place the waste payload in to  i t s  f i n a l  
sol a r  o rb i t  

I An orb i t  p a n s f e r  vehicle (ON), which would take the waste frm low Earth o r b i t  i n to  a 
solar o rb i t  transfer trajectory. 

Prelaunch checkout would include ver i f i ca t ion  o f  the payl oad and the payl oad-to-orbi t e r  
interface systems. Typically, propell ant would be loaded .in the preparation f a c i l  i t y  t o  
minimize the hazard o f  propellant loading hh i le  the payload was i n  the Shuttle cargo bay on 
the launch pad. 

Fran the preparation fac i l i t y ,  a special-purpose transporter wauld take the payload t o  
the launch pad, where special equipment would posit ion and i ns ta l l  it i n  the Shuttle cargo 

bay. 

Orbital Operations. The orb i ta l  operations fo r  t h i  s concept would include launching i n to  
earth ordi t ,  t ransfer frun there t o  a solar orbit, and f i n a l l y  rounding out the solar orbit. 
(tee Figure 6i1.24). The Uprated Space Shuttle, designed t o  carry a 45,000 kg (99.000 lb )  

payload, would be launched in to  a low Earth o rb i t  (300 km). lhe launch would avoid early 
land overf l ight o f  populated land masses. The l i q u i d  rocket booster engines and the external 

tank would be jettisoned before the o r b i t  i s  reached. 

During suborbital portions o f  the f l igh t ,  the Orbiter would be able to  camnand shutdown 
o f  a l l  engines and ei ther return t o  the launch s i t e  o r  d i tch  i n  the ocean. From 5 t o  6 
minutes a f te r  launch, the Orbiter could abort by going once around the Earth and then re- 

turning t o  land. After 6 minutes, the Orbiter has the on-board thrust capabi l i ty t o  abort 

d i rec t l y  t o  a sustained earth orbit. If a Shuttle malfunction exceeded the abort capability, 
the nuclear payload with the reentry vehicle would autcmatically eject and make i t s  own 

reentry. It would be designed t o  survive a land or  water impact. 

Once i n  orbit, the 1 oaded reentry vehicl e would be automatical l y  1 atched to  the SOIS and, 
with the OTV, would autanatically deploy fran the orb i te r  bay. A t  t h i s  time., the waste pay- 
load would be remotely transferred from the reentry vehicle to  the SOIS payload adapter. 



I INSERTION 

FIGURE 6.1.24. Orbi tal Operations 

After a f ina l  systems checkout, the OTV would place the SOIS and i t s  attached waste pay- 

load in to an Earth escape trajectory. Propulsion would be controlled from the Orbiter, with 

backup provided by a ground control station. After propulsion, the OTV would release the 

SOISIwaste payload and would return t o  low Earth o rb i t  f o r  rendezvous with the Orbiter. The 

payload would require about 163 days t o  reach i t s  perihelion a t  0.85 astronomical units 

(A.U.) about the Sun. (One A.U. i s equal t o  the average distance fran the Earth t o  the Sun.) 
Calculations have shown that t h i s  o rb i t  would be stable with respect t o  Earth and Venus f o r  

a t  least 1 mi l l i on  years. 

I n  case o f  OTY ign i t ion  fai lure, a rescue OTV would be launched to.meet and dock with the 

SOIS f o r  propulsion into the escape trajectory. Safety features would be Included i n  the de- 
sign o f  t h i s  vehicle t o  prevent reentry o f  the unshielded payload in to  the Earth's atmosphere 

(Bechtel 1979a). 

After rendezvous with the OTV, the Shuttle Orbiter would return to  the launch s i t e  f o r  
refurbishment and use on a l a te r  f l  ight. The empty reentry vehicle would also be recovered 

and returned with the Shuttle f o r  reuse. The normal elapsed time fran launch t o  return to  

the launch s i t e  would be 48 hours (Bechtel 1979a). 

Systems fo r  tracking the vehicles during launch, earth orbit, and the earth escape t ra-  
jectory exist. There fs  a1 so a system f o r  locating and tracking the payload fn deep space at 

any future time. However, once the proper disposal o rb i t  had been verif ied, no additional 
tracking should be necessary. 



Retrievabi 1 ity/Recovery. Unt i l  the waste package had been successfully disposed o f  i n  

accordance wi th  the design, re t r ieva l  o r  recovery capabi l i ty  would be necessary. A discus- 

sion o f  the rescue technology required f o r  such a re t r ieva l  capabi l i ty  i s  presented i n  

Section 6.1.8.3 below. 

6.1.8.3. Status o f  Technical Develoment and R&D Needs 

Present State o f  Development and Techno1 ogical Issues 

While the space option appears technica l ly  feasible, the re  are engineering problems t h a t  

would require resolution. The Space Shutt le i s  cur rent ly  i n  developnent and the f i r s t  orbi-  

t a l  f l i g h t  i s  scheduled i n  1981. The Space Transportation System should eventually (1990s) 

i nc l  ude a Space Shutt le wi th  1 iqu id  rocket boosters (rep1 acing current sol i d  rocket boosters) 

a id  a reusable OTV. NASA has studied such vehicles extensively f o r  fu ture space missions and 

they represent a log lca l  extension of the space transportat ion capab i l i t y  upon which t o  base 

a reference concept. 

Many aspects o f  the space disposal system represent straightforward, applications o f  

exi s t ing technol ogy, e.g., use of 1 iqu id  propel 1 ants and reentry vehicle design; however ex- 

tensive engineering devel opment would be required. The major technol ogy devel opnent require- 

ments are i n  design f o r  safety, environnental impact analysis o f  space launches, and waste 

preparation. The nuclear waste payload container and reentry vehicle are only conceptually 

defined and addit ional study would be required t o  assure tha t  safety and environmental re- 

quirements could be met i n  case of launch pad and reentry accidents. Development o f  a capa- 
b i l i t y  f o r  deep space rendezvous and docking t o  correct  improper o r b i t  o f  a waste package 

would be required. The current status of development and research needs i n  .speci f ic  areas 

are discussed below. 

Emplacement Methods. The technol ogy f o r  launching both nuclear and nonnuclear pay1 oads 
i n t o  space i s  h igh ly  developed, but the technology for  put t ing nuclear waste i n  space i s  

s t i l l  i n  a conceptual stage. Ear l i e r  experience wi th  space nuclear aux i l i a ry  power (SNAP) 

systems employing radioactive thermoelectric generators provides some experience, part icu- 

l a r l y  i n  safetyanalyses, but the  amounts o f  radioact ive mater ia ls i n  such systems are much 

less than those tha t  would be associated wi th  waste payloads. The present DOE/NASA concep- 

t u a l  de f i n i t i on  i s  based on technology and equiptent used previously i n  other space missions 

but which would require design modifications f o r  use i n  waste disposal missions. For exam- 
ple, the space Shutt le power plant would need t o  be upgraded t o  increase payload capacity and 

thereby reduce the number o f  f l i g h t s  required. On the basis o f  the resu l t s  obtained i n  the 

space program, considerable confidence has been gained i n  a b i l i t y  t o  design the necessary 

high-rel i a b i l  i t y  systems. Procedures cur rent ly  being developed t o  address abort contingen- 

c ies  f o r  the manned Space Shutt le would be useful t o  mi t igate  adverse e f fec ts  o f  aborts i n  

waste 1 auwh operations. 



Waste Form. The waste form would have t o  be a nondispersible, chemically stable solid. 

The canposition o f  t h i s  waste has not been defined by the space program sponsors, but there 

are several possible candidate processes that might produce the proper form, as suggested i n  

Figure 6.1.22. 

The waste form should contribute t o  overall system safety, especially fo r  potential ac- 

cident sequences, and should also contribute to  system optimization i n  terms o f  payload, ec- 
onanics, and materials canpatibit i t y .  Desirable attr ibutes are: 

High HLW t o  iner t  content r a t i o  

High thermal conductivity 

Resistance to  thermal shock 

Thermochemical s tabi l  i t y  

Toughness 

Low leachabi l i ty , 

Applicable t o  both c m e r c i a l  and defense wastes 

Resi stance t o  oxidation . 

Low cost 

Ease o f  fabrication. 

Because weight would be important i n  the launching operation, the waste forms should also 

maximize the amount o f  waste carried at each 1 aunch (waste loading). An iron/nickel-based 

cermet prepared by ORNL f o r  other disposal options appears suitable, but would require 

further devel opnent. 

Waste Package. The reference waste package uould consist o f  the spherical waste form 

surrounded by a metal ,cladding, a g m a  shield, a steel honeycanb structure ( f o r  impact), 

insulation ( fo r  reentry), a graphite shield ( f o r  reentry), and the reentry vehicle i t se l f ,  

which w u l d  contain the waste during launch and Earth o r b i t  i n  case o f  accident. Only con- 

ceptual def ini t ions have been devel oped. 

Waste Partitioning. Certain space option alternative concepts w u l d  be enhanced i f  

specif ic isotopes uere removed f ran the waste, e.g., strontium o r  cesium. Alternatively, 

space disposal might be more appropriate f o r  certain species, e.g.; iodine, technetium, the 

actinides, o r  a l l  three. Technology developnent would be needed t o  provide these part i t ion- 

ing options. 

Faci l i t ies.  TRe size, capacfty, and functional requirements o f  the nuclear payload 

preparation f a c i l i t y  are not deftned. Major design tasks remain before t h i s  f a c i l i t y  could 

be devel oped. 



Rescue Technology. Remote automated rendezvous and docking capabi l i t ies would probably 

be required fo r  space disposal o f  radioactive waste. The HLW payload would require techno- 

logy development t o  provide recovery capabil l t i e s  fo r  payloads i n  deep space, especially f o r  

uncontrollable and/or t m b l  ing payloads. Also, i t  might be necessary t o  develop new techno- 

logy f o r  deep ocean recovery o f  aborted or  reentrant payloads. Deep ocean recovery has been 

demonstrated on several recent projects, but any new, specf a1 capabil i t i es ,  t o  handle HLW pay- 

loads would need to  be defined. Special equipnent t o  recover reentrant payloads that touch 

down on land might also be required, although the technological challenge would probably not 

be as great. I 

R&D Requf rements 

I n  the f ina l  analysis, R&D needs would depend on the space disposal mission selected. 

The R I D  requirements for t h i s  program would span the spectrun fran systems def in i t ion  con- 

ceptual studies through generic technology development (e.g., waste form) t o  engineering. de- 

velopnents o f  f a c i l i t i e s  and hardware (e-g., the payload preparation f a c i l i t y  and ta i lored 

space vehicles). These l a t t e r  aspects would be deferred un t i l  the space disposal mission i s  

better defined. 

Thus, i n i t i a l  RID would need t o  cover the following elements f o r  concept de f in i t ion  and 

eval uations, 1 isted approximately i n sequential order. 

Perfonn trade-off and r isk  analysis studies t o  select the mix o f  radionuclides f o r  space 
disposal 

Assess technology ava i lab i l i t y  o f  waste processing and waste par t i t ion ing options 

Develop waste fonn c r i t e r i a  and options for space disposal 

Define facf 1 i t i e s  and ground transportation systems requiring R I D  

Define waste pay1 oad systems and contai ment requirements 

Define and select fl ight support systems for  the space disposal option (e.g., shielding) 

Ccnnpl ete conceptual def in i  t i o n  o f  unique launch s i t e  systems 

Assess advanced launch systems under developnent for space disposal appl icabi l i ty  

Define possible systems for transferring nuclear waste f ran Earth o rb i t  and recovering 
fa i led payloads 

Characterize possible space destinations and missions 

Assess unique safety and envirormental aspects o f  the space mission (e.g., launch pad ' 

f i r e s  and explosions affect ing the waste package). 

These conceptual studies would set the requirements fo r  future R&D programs, i f  war- 

ranted. Other appl icable ongof ng R&D projects, e.g., concept de f in i t ion  of metal matrix 

waste forms and advanced launch system definit ion, would be pursued concurrently. 



Implementation Time 

With the space disposal mission current ly i n  the concept de f i n i t i on  and evaluation phase, 

meaningful predictions o f  the i n i t i a l  operational date are not possible. However, the p r e  

sent DOEINASA concept depends on the avai labi l  i t y  o f  an OTV and the Uprated Space Shutt le 

tha t  have not been developed. This space disposal system could be operational possibly by 

the year 2000. Major sequential outputs tha t  could be derived from conceptual studies are: 

Iden t i f i ca t ion  o f  v iable a1 ternat ive space systems concepts 

Iden t i f i ca t ion  o f  v iable nuclear waste system concepts 

Set ect ion of preferred concepts 

Selection o f  baseline concept 

Completion o f  base1 i ne  concept de f i n i t i on  

 ene era ti on o f  development plan 

Estimated Development Costs . 

Devel opnent costs would depend large1 y on the speci f ic,  space option approved. A1 so, once 
t ha t  option was defined, ongoing work oriented t o  other Shutt le and waste~disposal options 

could be refocused 'on space d i  sposal requirements. Examples are deep space rendezvous and ' 

docking techniques and waste form technol ogy development. This would iden t i f y  the incre- 

mental Shutt le anci waste i so la t ion  program costs a t t r ibutab le  t o  space disposal. 

Thus, funding requirements f o r  developnent o f  the space disposal option have not been , 

we1 1 defined. It would generally be assumed tha t  NASA would undertake the developnent o f  the 
required space canponents and DOE would develop the waste technology i f  the concept was pur- 
sued. It assumed tha t  the approach would be on an incremental basis. This work would 
include R&D and iden t i f i ca t ion  o f  design developnent requirements f o r  nuclear waste systems 

and space systems f o r  disposal, danestic/international a f f a i r s  studies, and impact assess- 
ments. The studies would provide a cost basis f o r  fur ther  programmatic decision making. 

.Major uncertainties, s hortcanings, and advantades o f  the concept are s m a r i z e d  be1 ow: 

The concept does not permit ready correct ive action. 

The concept i s  susceptible t o  single mode (launch pad) f a i l  we, unless w l  l-engineered 
mu1 t i p l e  barr iers  are developed t o  protect the uaste. 

Signi f icant technol ogy advances and equipnent devel opnent w i l l  be required. 

Waste form and package concept developnent are i n  a very prel iminary stage. 

The concepts usefulness would be l im i ted  t o  waste f ran  reprocessing o r  fu r ther *  
l im i ted  t o  selected isotopes. 

- 



6.1.8.4 Impacts o f  Construction and Operation (Preempl acement) 

A space disposal approach must consider the t o t a l  integrated system r isk,  i.e., the r i sks  

o f  launching wastes i n t o  space and the r i s ks  associated with the secondary waste streams 

generated by waste treatment, the f rac t ion  o f  waste tha t  would have t o  go t o  t e r res t r i a l  dis- 

posal, and the increase i n  system canplexity. Hence, the short-term health' and environmental 

impact$ would l i k e l y  be increased, h i 1  e r i s ks  associated wi th  those residual waste forms 

t ha t  remained on Earth f o r  disposal i n  a mined geologic repository would l i k e l y  be decreased. 

The enviromental and health impacts associated wi th  the l a t t e r  consideration are expected t o  

be less s ign i f icant  than those associated with t o ta l  t e r res t r i a l  disposal o f  HLU. 

I n  the ear ly  years o f  a space disposal program, cer ta in  modifications would be required 

a t  Kennedy Space Center, assuming i t  was selected as the launch site. A t  the least, t h i s  

would involve construction o f  a payload preparation f ac i l i t y .  I f  the t o t a l  Space Shutt le 
t r a f f i c  ( including a1 1 space missions) saturated the capabil i t y  o f  shut t le  f a c i l  i ties,  then 

modifications, o r  even new f a c i l i t i e s  (e.g., launch pads), would be necessary. New construc- 

t i o n  ac t i v i t i es  would be designed t o  have the minimun adverse effect on the area. NASA has 

concluded t ha t  a1 1 potent i  a1 nonradiol ogical environmental impacts foreseen during normal 

operation o f  the Space Shutt le would be localized, br ie f ,  control lable, and o f  minimun sever- 

i t y  (NASA 1978). Results of an evaluation of the incremental impacts o f  construction o f  

f a c i l i t i e s  t o  accanmodate waste disposal v ia  the Shutt le and other environmental impacts o f  

the space'disposal program are presented below (Bechtel 1979a). 

Health Impacts 

Normal operation o f  f a c i l i t i e s  are not expected t o  cause any s ign i f icant  adverse health 

e f fects  from e i ther  radiological o r  nonradiological sources. During abnormal operations (a 
reentry and burnup accident) the t o t a l  population radio1ogical dose could be qu i te  large; 

a1 though the estimated average individual dose would be very small. 

Radio1 ogical f mpacts. Health impacts f ran rout ine operations would be re1 ated pr imar i ly  

t o  planned release o f  radioactive and nonradioactive materials. Impacts t o  man f ran rout ine 
operations would be derived f ran three o f  the f ive operational phases: predisposal treatment 

and packagi ng (reprocessing), transportation, and empl acement. 

No s ign i f icant  adverse health ef fects would be expected f ran normal operation o f  repro- 

cessi ng f a c i l  i t i e s  (NRC 1976). Incremental effects o f  additional processing t o  pa r t i  t i o n  

speci f ic nuclides are not expected t o  change t h i s  conclusion. 

Health e f fec ts  caused by t e r res t r f a l  transportation would be expected t o  be no d i f fe ren t  

f o r  space disposal than f o r  other waste disposal options and are assumed t o  be s imi lar  t o  

those f o r  ex is t ing contafners that  have been reviewed f o r  safety and licensed by regulatory 

agencies. 

The estimated t o ta l  occupational hole-body rad ia t ion dose fran space disposal ( the three - 
operational phases plus the t e r res t r i a l  repository f o r  secondary waste) i s  6340 man-rem/yr 



(Bechtel l979a). (See Table 6.1.30.) O f  t h i s  dose, 1000 man-rem/yr derives from Space 

Shutt l  e-re1 at& ac t i v i t i es .  The nonoccupational dose i s  estimated a t  180 man-rem/yr, w i t h  a 

negl ig ib le  amount a t t r ibuted t o  the Space Shutt le program. 

Accidents may be c lass i f ied by t h e i r  locat ion w i th in  the sequence o f  operations as as- 

sociated with: 

0 Waste treatment 

Payload fabr icat ion 

0 Pay1 oad ground transportation 

0 Handling and launch preparation 

0 Launch phases (suborbital) 

0 Orbi ta l  operations 

Postempl acement. 

Within t h i s  sequence, many possible accidents t h a t  might be ca l led  " typical  industr ia l '  ac- 

c idents can be identif ied. These are not discussed fu r ther  because they (a) are not re la ted 

d i r e c t l y  t o  e i the r  the nuclear o r  space transportation aspects, (b) have negligible env ikn -  

mental impact, and (c) are no more probable (and i n  f ac t  may be less probable) i n  t h i s  ac t i -  

v i t y  than i n  any indus t r ia l  a c t i v i t y  o f  s im i la r  magnitude. O f  primary concern here are those 

accidents involv ing radioactive material, t h a t  ,wuld lead t o  the release and dispersion o f  

the radioact ive material i n t o  the envirorment. Waste treatment, payload fabrication, payload 

ground transportat ion and handling, and launch preparation f o r  the space disposal option 

m i l d  be expected t o  be broadly s imi lar  t o  the same a c t i v i t i e s  as employed f o r  t e r r e s t r i a l  

disposal options. Thus, the possible accidents and accident consequences would also be sim- 

i l a r  (subject t o  sane var ia t ion r e l a t i ng  t o  the  d i f f e ren t  nuclides t ha t  might be involved). 
Such accidents and t h e i r  consequences are treated i n  Chapter 4 and are not fur ther  described 

here. 

Certain types o f  accidents t h a t  might occur during the launch o r  o r b i t a l  and post- 

emplacement operations would impose d i f f i c u l t  emirormental conditions on the payl oad. They 
could lead t o  the payload caning t o  r e s t  i n  uncontrolled areas o r  t o  the release and disper- 

sion o f  some o f  the radioact ive waste. These accident types would include: 
. . 

0 Explosions 

0 Intense f i r e s  

o Highve l  oci  t y  impact , 

0 Atmospheric reentry. 

The payl oad and other mission hardware, as we1 1 as the procedures used t o  car ry  out the 

various operations, would be designed t o  - 



TABLE 6.1 -30 Short Term (Preemplacement) ' ~ a d i o l o ~ i c a l  impacts For 
The Space Disposal Program Normal Operation 

Who1 +Body Dose, man-rem/yr 
Occupational ~onoccupationaf 

Waste Processing Faci l  i t y  41 00 

Transportation 210 

Repository (Secondary 
Waste) 1030 Neg . 

Space 
NPPF 

Neg . 
Transporter/Launch Pad 150 

- Shutt le 

Minimize the p robab i l i t y  o f  events leadf ng t o  severe environments 

@ Provide, when possible, a contingency act ion t o  remove the payload from the threatening 
envirorment 

a Maximize the probabi l i ty  t h a t  the waste payload containment w f l l  not be v io lated i f  
subjected t o  the environment. 

Two important types o f  accidents, both unique t o  the  space disposal option, are: 

@ A catastrophic, on- o r  near-pad explosion and f i r e  o f  the booster launch vehicle 

a A high-al t i tude reentry and burnup o f  an' unprotected nuclear waste container, w i th  

subsequent conversion o f  a cer ta in  f rac t ion  o f  the payload t o  submicron par t ic les  o f  

metal oxides. I 

Aside from imnediate possible casualt ies and the close-in physical e f fec ts  fran, f o r  example, 

the  on-pad explosion and f i r e ,  t he  envirormental impact o f  overr id ing s igni f icance f o r  these 

events would be possible rad ia t ion exposure t o  the  general public. Edgecanbe e t  al. (1978) 

provides prel iminary data on environnental conditfons around catastrophic launch-pad 

accidents. 

Short-term r i s k s  might o r  might not be lower than those f o r  t e r r e s t r i a l  disposal options. 

However, f o r  the space disposal opt ion t o  be implemented, they would have t o  be a t  an accept- 

able level. Re1 i a b i l f t y  data f o r  systems would be required before a r i s k  assessment could be 

made. Re1 i a b i l  i t i e s  o f  the booster vehicle, upper stages, and safety systems envisioned f o r  

the space disposal mission have not ye t  been determfned by NASA, b u t 3 r e  expected t o  be high. 



Regarding on- o r  near-pad accidents, no precise estimates o f  health effects fran worst- 

case credible accidents can be made from present infomation. Nonetheless, dose cm i tmen ts  
t o  the most exposed individual (80 redevent) and t o  the population within 100 km o f  the s i t e  
(4000 man-rem/ event) have been estimated fo r  the on-pad accident (Bechtel 1979a). More work 
would be needed concerning the in tegr i ty  o f  the nuclear waste container systems that  would be 

employed fo r  the space disposal option and the actual accident envfrorments that would re- 
sult. Additionally, the relationship between shielding and possible health effects during 
recovery from major accidents would require further technical study. Under accident condi- 
tions, however, the stabil i t y  o f  the HLW i s  expected t o  reduce the consequences o f  any loss 
o f  contai nnent (DOE 1979a). 

I n  a space disposal reentry and burnup accident, the estimated average and individual 

dose i s  "quite small", ye t  the tota l  population dose could be very large (e-g., about 107 
man-rem/accident t o  the world population) (Bechtel 1979a). 

Nonradiological Impacts. Generally, enviromental impacts tha t  would be caused by normal . 

operations o r  nonradiological-type accidents fran a space disposal option are not expected t o  
be signif icant (NASA 1978). Potential enviromental impacts related t o  the normal operations 

o f  space transportation systems that might be unique are discussed below. 

The types o f  enviromental health fmpacts that could be attr ibuted t o  normal space trans- 

portation ac t iv i t ies  are: . 

a Gaseous and particulate emissions frun rocket engines 

a Noise generated during launches and landings (including sonic booms) 

a Cmitments o f  nonrecoverable resources. 

These effects have been studied by NASA and an enviromental impact statement has been 
issued (NASA 1978). To date, research has fndfcated there would be no signif icant effects t o  , 
the hunan population fran a steady launch ra te  o f  60 shutt le f l i g h t s  per year. 

During abnormal conditions, the major nonradiological concern appears t o  be whether o r  

not large pieces o f  metal would reach the ground i n  the event o f  an upper stage failure. This 
question and others are the subject o f  ongoing investigations. 

Natural System Impacts 

Radiological and nonradiological impacts are analyzed below fo r  the natural system. 

Radio1 ogical Impacts. Environmental studies o f  the Barnwell Nuclear Fuel PI ant (AGNS 

1971, 1974; Darr and Murbach 1977) provide information concerning envirormental impacts ex- 
pected from normal processing o f  the reference waste mix. Expected environmental effects 

include modest heat additions t o  local water systems, as well as both gaseous and l i qu id  re- 
leases o f  radioactive and nonradioactive materials. 



I n  general, normal operation w i th in  regulatory l i m i t s  should assure tha t  ecosystem 

radiological  impacts are acceptable. These conclusions'are confirmed by generic studies (DOE 

1979b). 

The data base f o r  environnental assessment o f  the space opt ion i s  very prel iminary a t  

t h i s  time. Environmental assessments could be made only when the t o t a l  system has been bet- 

t e r  defined. Bechtel (1979a) provides a recanmended schedule for assessing ecosystem impacts 

from abnormal events, which, i f  adhered to, would make prel iminary resu l ts  avai lable l a t e  i n  

1980. 

Nonradiological Impacts. The major environnental impacts from construction o f  required 

waste treatment, payload fabrication, payload receiving, and launching f a c i l i t i e s  would be 

qual i t a t i v e l y  s im i la r  t o  those of other construction ac t i v i t i es .  Construction impacts, i n  
general, are re la ted t o  resource c m i t m e n t s  (land, water, and materials) and t o  e f fec ts  on 

environmental qual i t y  and b i o t i c  canmunities f ran the pol lutants and f ug i t i ve  dust released 

by construction ac t i v i t i es .  

Water qua l i t y  would be adversely affected by the  creat ion o f  sedimentation resu l t i ng  f ran  

runo f f  a t  construction sites, discharge o f  t reated wastewaters and blowdown a t  reprocessing 

f a c i l i t i e s ,  and s a l t  p i l e  runof f  a t  the secondary waste reposi tory (Bechtel l979a). 

A i r  qua l i t y  during construction would be adversely affected as a r esu l t  o f  f ug f t i ve  dust 

and diesel equipnent emissions, emissions f ran  waste and employee transportation, and s a l t  

d r i f t  (Bechtel l979a). On the  basis o f  resu l t s  o f  analyses performed f o r  a i r  qual ity, water 

qual i t y ,  land qual i t y ,  weather, and ecology during normal operations, no long-term o r  cumul a- 
t i v e  e f fec ts  are predicted for the ab io t ic  and b i o t i c  camnunities (NASA 1978). 

Accidents re la ted t o  Space Shutt le launches (without payloads) have been described else- 

where (NASA 1978) and are not expected t o  be environmental l y  s igni f icant.  

S o d  oeconomic Impacts 

Manpower estimates f o r  construction and operation are a key var iable i n  assessing socio- 

economic impacts. Gnployment re la ted t o  payload handling and launch i s  a d i f f e ren t i a t i ng  

fac to r  between the space option and other waste disposal options. 

Only prel iminary data f o r  the socioeconomic assessment o f  the space opt ion are available 

a t  t h i s  time. A deta i led assessment o f  the socioeconanic implications o f  the  space disposal 

opt ion would require more accurate employment estimates, information on the indust r ia l  sec- 

t o r s  affected by cap i ta l  expenditures, and iden t i  f i ca t i on  o f  the speci f i c  geographic areas 
I I 

involved. Rochl i n  e t  a1 . (1976) provide a 'general discussion o f  the socioeconomic . imp1 ica- 

t i ons  o f  nuclear waste disposal i n  space. 

(a) While Kennedy Space F l igh t  Center has already adjusted t o  many o f  the impacts mentioned 
be1 ow, select ion o f  an a1 ternat ive 1 aunch s i t e  would require addit ional impact 
assessment. 



Public Sector Economy. Current estimates o f  launch ra tes suggest t ha t  support o f  the 
en t i re  space transportation system for.the space disposal a c t i v i t y  might require 25,000 
t o 0 0 0  employees. l h i s  work force represents a substantial payrol l  and a large 
nunber o f  households throughout the country that  would const i tute sizable demands f o r  
goods and services. The envirormental impact statement f o r  the Space Shutt le (NASA 
1978) provides ins ight  as t o  where money would be spent. 

Private Sector Econaqy. I n  addit ion t o  d i rec t  employment, the space disposal option 
would induce secondary employment, as we1 1 as major capi ta l  investment. l h i s  addit ional 
econanic a c t i v i t y  would, i n  turn, generate addit ional demands f o r  goods and services. 

Population Size and Growth Rate/Population Canposition. The size and geographic 
d is t r ibu t ion  o f  the work force levels would af fect  the magnitude and locat ion o f  the 
socioeconanic impacts. The a b i l i t y  o f  local  areas t o  meet such demands w i l l  a f fect  the 
sever i ty wi th  which these fmpacts are perceived. Greater project de f i n i t i on  and de ta i l  
are necessary before these impacts can be accurately assessed. 

Aesthetic Impacts 

Aesthetic impacts f o r  those aspects o f  the program unique t o  space disposal would be 
general l y  1 imited t o  noise and visual features. 

Noise. Only the Orbi ter reentry would produce sonic boom over populated areas. Ex- - 
tensive studies o f  sonic boan dynamics indicate tha t  the maximun ef fects  would be a t  the  

nuisance o r  annoyance level (NASA 1978). 

Appearance. Visual e f fects  are expected t o  be s ign i f icant  because o f  the eight-story 

preparation f a c i l i t y  and a 100-m stack f o r  the reprocessing f ac i l i t y .  O f  course, actual s i t e  

selection could have a mi t igat ing e f fec t  on these impacts (Bechtel 1979a). 

Resource Consumption 

Launches o f  space vehicles always caunit cer ta in  resources t ha t  are never recovered. 

Energy. Estimated t o ta l  energy requirements for the space disposal program (construc- 
t i o n  plus 40-year operation), which are considered signi f icant,  are s m a r i z e d  below (Bechtel 

1979a). 

Resource 

Propane, $ 
Diesel fuel , m3 
Gasoline, 

E lect r ic i ty ,  kWhr 
Propel 1 ants, MT 

Liquid hydrogen 
Liquid oxygen 

Rocket propel 1 ant 

Nitrogen tetroxide 

Monanethyl hydrazi ne 

Amount 

1.0 x 107 

1.5 x 106 

1.3. x l o5  
5.9 x 1010 



Critical Resources. Estimated comnitment of critical material resources required for 
construction plus 40 year operation (other than those required for launching) are charac- 
terized as follows (Bechtel 1979a). 

Resource 
3 Uater, m 

Steel and Major Alloys, ?4T 

Carbon Steel 
Stainless Steel 

C hromi um 
Nickel 

Major Nonferrous Metals MT 

copper 
Lead 
Zinc 
Alumi nun 

3 Concrete, m 
Lumber, m3 

Land. Approximately,9000 ha (22,230 acres) of land would be required for the - 
space disposal program. There i s  sufficient land capacity at the Kennedy Space Center to 
meet this requirement (Bechtel 1979a). 

International and Domestic Legal and Institutional Considerations 

The space disposal option has elements that are unique and that would have to be 
addressed in a comprehensive analysis of this alternative. For example, careful assignment 
of  responsibi l i ty  and accountability will have to be made among the federal agencies that 
would be involved i n  t h i s  disposal option. 

The space disposal option would also present international concerns that would have to 
be recognized and addressed. Potenti a1 issues are: 

Risk of accidents affecting the citizens of  countries that did not participate i n  the 
waste disposal decision 

Possibility of joint disposal programs w i t h  other countries 

Assignment of associated costs'to various countries. 

In addition to  these generic international issues, there are a number of  specific multi- 
national treaties, conventions, and agreements currently i n  force and subscribed to  by the 
U.S. that bear upon the use of space for nuclear waste disposal. These'include: 

- 



0 "Treaty on Pr inciples Governing the Ac t i v i t i e s  o f  States i n  the Exploration and Use o f  
Outer Space Including the Moon and Other Celestial Bodies* (1967) 

0 "Convention on Internat ional  L i a b i l i t y  for Damage Caused by Space Objects" (1972) . 

0 "Agreement on the Rescue o f  Astronauts, the Return o f  Astronauts, and the  Return o f  
Objects Launched i n t o  Outer Space" (1972) 

0 "Convention on Damage Caused by Foreign Aircraf t  t o  Third Part ies on the Surface" 
(1952) 

0 "Convention on Registration o f  Objects Launched i n t o  Outer Space* (1976). 

This l i s t  suggests various issues tha t  would have t o  be thoroughly explored i n  t h i s  ear ly  

decision-making phase, including: (1) accident 1 i a b i l  ity, (2) exclusive use o f  the lunar 

surface o r  other regions o f  outer space, and (3) internat ional  program involvement (e.g., use 

o f  the sea). These issues re la te  mainly t o  accident s i tuat ions rather than rout ine 

operations. 

I n  addi t ion t o  these p o l i t i c a l  and international i ssues, space disposal o f  nuclear waste 

would have a number o f  legal cunplexit ies associated w i th  it, including l i a b i l i t y  and regula- 

t o r y  requirements (e.g., l icensing). These concerns would be qu i te  evident not only during, 

but also before and a f t e r  actual implementation. Moreover, legal  concerns could lengthen the 

t ime needed t o  implement a space disposal option. 

6.1.8.5 Potent ia l  Impacts Over Long Term  poste emplacement^ 

Postemplacement f o r  the space opt ion i s  defined as the period o f  t ime a f t e r  achievement 

o f  a stable solar orbi t .  Potential impacts during t h i s  period are analyzed f o r  two d i f f e ren t  

events : engineering f a i l  ure and inadvertent hunan intrusion. 

Potent ia l  Events 

The poss ib i l i t y  o f  sudden f a i l u r e  o f  a container i n  solar o r b i t  would be extremely re- 

mote. However, i f  a container should rupture, f o r  example, as a r e s u l t  o f  a meteor impact o r  

degradation over the long term, the contents would be released and begin t o  spread. The 

physical processes by which t he  nuclear waste material would be dispersed i n  solar space 

include sputtering, thermal di f fusion, and t interactions w i th  solar rad ia t ion  and wind. Large 

pieces o r  par t i c les  o f  waste material would be sputtered i n t o  smaller part ic les,  which i n  

t u r n  would disperse. The smallest part icles,,with r a d i i  less than 10-5 t o  1 0 4  an, would 

be swept out o f  the solar sys tm  by d i r ec t  solar rad ia t ion pressure. Larger part ic les,  those 

wi th  r a d i i  up t o  10-3 t o  10-2 an, would gradual 1y loose mqnentun through scattering, 

charge exchange interactions, and co l l i s i ons  wi th  energetic photons and solar wind protons. 

This process, ca l led the Poynting Robertson effect, would cause these par t ic les  t o  begin mov- 

ing i n  toward the sun where they would eventually be vaporized and broken down i n t o  snal ler  

part icles. Once t h i s  had occurred, the  smaller par t ic les  would be swept out o f  the solar 

sys tm by solar rad ia t ion pressure. This sweepihg-out process would take an estimated 1000 

t o  10,000 years (Brandt 1970). WSA i s  cur rent ly  studying t h i s  process. 



The potential hazard f ran the isolated nuclear waste t o  persons on future space missions 

traversing the  region about 0.85 A.U. i s  not known, but  i s  believed t o  be extremely small and 

would be zero unless a manned t r i p  by o r  t o  Venus were undertaken. Nuclear waste launched 

i n t o  an 0.85 A.U. o r b i t  would not be recoverable f o r  a l l  pract ical  purposes and the 0.85 A.U. 

solar o r b i t  i s  f a r  enough fran the Earth and suf f ic ient ly  stable tha t  fu ture Earth encounters 

would be e f fec t f ve ly  precluded (Fried1 ander e t  a1 . 1977). 

Potent ia l  Impacts 

With space disposal, waste would be iso la ted f ran  t h e  Earth f o r  geologic time periods, i n  

ef fect ,  permanent1 y. Consequently, no 1 ong-term radio1 ogical or  nonradiol ogical health im- 

pacts are expected. The t e r r e s t r i a l  canponent, s tor ing only non-HLW, would therefore be 

minimized. 

With regard t o  natural systems, upon retirement o f  waste processing fabr icat ion and/or 

storage f a c i l i t i e s  ( i n c l  uding the payload preparation f a c i l  i ty)  , the land areas could be re- 

turned t o  other productive uses. Although de ta i l s  o f  decanmissioning are not available, the 
various al ternat ives should not have a s ign i f icant  e f f ec t  on the program. Beneficial uses o f  
the s i tes  by fu ture generations would not be hindered. 

6.1.8.6 Cost Analysis 

Space disposal costs can be ident i f ied as fol,lows (Bechtel l979a)' 

a Waste processing/encapsulation ( t h i s  may be incremental f o r  comparisons wi th  other 
a1 ternatives) 

m Ground transportat ion 
- a Launch f a c i l  i t i e s  and space hardware (reusable and expendable) 

r Launch operations and decanmissioning 

a Geologic disposal o f  residual nuclear wastes. 

Although many o f  the basic space and waste technologies are understood, extrapolation t o  meet 

the  requirements o f  the space disposal mission does not permit a Val i d  cost  estimate a t  t h i s  

conceptual stage o f  the program. I n i t i a l  scoping studies indicate tha t  costs f o r  many o f  
these portions o f  the space disposal system would be s im i la r  t o  costs f o r  other alternatives. 

The major cost d i f ference f o r  the space disposal a l ternat ive i s  a t t r i bu tab le  t o  the Space, 

Shutt le operations. Capital , operating, and decanmissioning costs f o r  t h i s  incremental por- 

t i o n  o f  the program are discussed b r i e f l y  below. 

Capital Costs 

Capital costs would be incurred a t  ~ e k d y  Space Center for construction o f  equipnent de- 

dicated t o  the waste disposal mission. This would include the special purpose transporter, 

launch pad, launch platform, and f i r i n g  mom. If these capi ta l  c o s t c e r e  recovered as 



charges t o  DOE as a Space Shutt le user, as i s  contemplated f o r  other Space Shutt le applica- 

tions, they would accrue as operating costs t o  any DOE space disposal program. Therefore, 

these costs would be integrated i n  the per- f l ight  charges under operating costs. One special 

f a c i l i t y  not usable f o r  other shut t le  operations would be the payload preparation f a c i l i t y .  

Current estimates f o r  t h i s  f a c i l i t y  are $29 m i l  l i o n  (1978 dollars). Other capftal  costs 

might accrue because o f  the need t o  allow rad ia t ion t o  decay i n  the HLW f o r  a t  least  10 years 

p r i o r  to space disposal. Costs f o r  such in ter im storage f a c i l i t i e s  have not been ident i f ied 

a t  t h i s  time. 

Operating Costs 

Operating costs f o r  the space disposal a l ternat ive would be calculated on a per-f l  i gh t  

basis, as they are f o r  other part ic ipants i n  the Space Shutt le program. The per- f l ight  cost 

would be approximately $39 m i l l i o n  i n  1978 dollars. 

The breakout o f  t h i s  estimate i s :  

a Uprated Space Shutt le - $16 m i l l  ion  

I Orbit  t ransfer  vehicle - $1.6 m i l l  ion  

a Solar o r b i t  insert ion stage - $1.6 m i l l  i on  

a Reentry vehicles -65 m i l l  ion. 

Decomni ss f oni ng Costs 

Decanmissioning costs assoc4ated wi th  Space 

probably be 1 imited t o  the f a c i l  i t i e s  f o r  waste 

Shutt le waste disposal operations would 

processing and packaging, the  only f a c i l  i t i e s  

a t  which contamination might be anticipated. Those decanissioning costs have been estimated 

a t  10 percent o f  the i n i t i a l  capi ta l  costs; i.e., approximately $3 mi l l ion.  Costs f o r  decan- 
missioning other f a c i l i t i e s  associated wi th  the space disposal a l ternat ive are assuned t o  be 

s imi lar  t o  those f o r  decanmissioning f a c i l  i t i e s  associated wi th  other waste disposal 
a1 ternatives. 

6.1.8.7 Safeguard Requirements 

Safeguards would be considered f o r  both space disposal and the  associated t e r r e s t r i a l  

disposal. For space disposal o f  HLIJ, the r i s k  o f  d iversion would be short-term. Once the 

waste had been successfully disposed o f  i n  iccordance wi th  the design, the p robab i l i t y  o f  an 

unauthorized re t r ieva l  would be very low. Physical protect ion o f  the sensi t ive f a c i l i t i e s  

and transportation operations would be the most ef fect ive way t o  deny access f o r  the short 

term. . Note tha t  i f  t h i s  a1 ternat ive Here chosen f o r  the once-through fuel cycle, despite the 

very high throughput required, on a purely safeguards basis it would compare favorably w i th  

many other a1 ternatives because o f  the d i f f i c u l t y  o f  re t r iev ing  material once it i s  success- 

f u l l y  deployed. See Section 4.10 f o r  fu r the r  de ta i l s  on safeguards f o r  applicable predis- 
.- posal operations. 
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COMPARISON OF ALTERNATIVE WASTE DISPOSAL CONCEPTS 

This section provides an assessment of the nine waste management concepts discussed i n  

Chapter 5 and Section 6.1 of t h i s  Statement. 

For the reader's convenience, a b r ie f  review o f  each o f  the alternative concepts i s  
f i r s t  presented i n  Section 6.2.1. Next, ten assessment factors and a set o f  related stan- 
dards o f  judgement are introduced. The f i r s t  stage o f  the analysis follows, i n  which the 
concepts are screened using the standards of Judgement introduced i n  the previous section. 
Concepts which remain after the screening are then compared on the basis o f  the assessment 
factors and most promising concepts identif ied. 

6.2.1 Sumnary Description o f  Alternative Waste Disposal Concepts 

This section presents b r i e f  descriptions o f  the nine waste management concepts con- 
sidered i n  th is  comparison. Characteristics o f  each concept are described i n  more deta i l  
i n  Chapters 4 and 5 and Section 6.1. Technical approaches not s m a r i z e d  here have been 
advanced fo r  certain concepts that i f  implemented might resul t  i n  a waste management system 
d i f fe r ing  from that described here. I n  addition, the developmental process might resul t  i n  
a system di f ferent  than described here, especially f o r  concepts currently i n  a very prelimi- 

nary stage o f  development. 

6.2.1.1 Mined Repository 

I n  the mined repository concept, disposal of waste would be achieved by manned emplace- 

ment i n  mined chambers i n  stable geologic formations. Engineered containment would be pro- 
vided by the waste form, canisters, overpacks, and sleeves. Use o f  a tai lored back f i l l  
would provide an additional engineered barrier. Is01 ation and natural barriers would 'be 
provided by the host rock and surrounding geologic environment, which would be selected t o  
provide stabi 1 i t y ,  minimal hydrologic transport potent ial  and 1w resource attractiveness. 

A waste packaging f a c i l i t y  would be located a t  the repository s i t e  where spent fuel 
assemblies would be individual ly sealed in to  canisters. The canisters would be incorporated 
in to the multibarrier package and then would be placed i n  individual boreholes i n  the f l oo r  

and walls o f  mined chambers 500 t o  1,000 m deep i n  suitable host-rock formations. Back f i l l  
would be .placed around each package following emplacement. As each chamber i s  ready, it , 

would be backf i l led with rock and sealed. When the repository i s  f i l l e d  the access tunnels 
and shafts would be f i l l e d  with appropriate materials and sealed. 

A l l  waste types referenced i n  Table.6.2.1 could be emplaced i n  the mined repository. 

A reprocessing fuel  cycle would produce high-level l i q u i d  waste that could be so l id i -  

f i ed  t o  a stable waste form, packaged 
and emplaced i n  the mined repository. 
empl aced i n  the mined repository. 

(a) Hulls, hardware, remotely handled 

i n  canisters 
f ransuranic 

that are par t  o f  a mult ibarr ier package, 
waste(ll would also be packaged and 

- 

and contact-handled TRU waste. See Table 6.2.1. 



TABtE 6.2.1. Disposition of Principal Waste Products using the Proposed 
Waste Disposal Concepts 

High-level Liquid 
Spent Fuel Assemblies (Fuel Processing Waste) TRU ~ a s t e ( a )  

Hlned Repository Packaged and emplaced Incorporated in imao- Packaged and emplaced 
in mlned repository. bilized solid, pack- in mined repository. 

aged and emplaced. 

Very Deep Hole Packaged and emplaced Converted to  Immobil- Disposal using suit- 
in deep hole ized solid. Packaged able a l ter  a ive 
reporltory. andempl aced in deep technipue.?bf 

hole repository. 

Rock Melt Processed to a Poured in rock melt Disposal using suit-  
liquid state reposi tory. able al ter  a ive ? F technique. c 

Island Mined Repository Pxkaged and emplaced Converted to immobile Packaged and emplaced 
in island rrrfned solid. Packaged and in island mined 
repository. emplaced in island repository. 

repository. 

Subseabed 

Ice Sheet 

Packaged and emplaced Converted to immobile . Disposal using suit- 
in subseabed solid. Packaged and able alterna ive 
repository. emplaced in subseabed technique.(b 

repository. 
F 

Packaged and emplaced Converted to  inanobila Disposal using suit- 
In ice sheet I solid. Packaged and able al ter  a ive 
repository. . . enplaced in ice sheet technique.bf 

repository. - 

Well Injectfon Processed Injected into geologic Disposed using suitable 
formations. alternative concept. 

Transnutation Processed Selected isotopes par- Disposed using suitable 
titioned and transmuted alternative concept. 
to stable or shorter 
lived isotopes and 
disposed of using 
alternative concept. 

Space Processed Entire waste stream or Disposed using suitable 
selected isotopes con- alternative concept. 
verted to  solid and 
emplaced i n  heliocen- 
t r i c  orbit. 

(a) Remotely handled and contact-handled TRU wastes inciuding dissolver solids, HEPA f i l t e r s ,  
incinerator ash wastes, failed and decomnissioned equipment wastes. 
Could possibly be disposed of by the concept, but this  i s  considered unlikely. 
Some chop ed cladding and TRU wastes might be slurried.into rock melt cavity subject to  
d~lut ing !imitations on KW waste. 

6.2.1.2 Very Deep Hole 

in the very deep hole concept, disposal of high-level waste would be .achieved by remote 
empl acement in bored shafts a t  depths greatly exceeding those of the mined repository. 
Engineered containment would be provided by the waste form, canisters, and perhaps addi- 
tional barrier layers. Sorptive backfill, i f  used, would provide an additional engineered 
barrier. Isolation and natural barriers would be provided by the host rock and surrounding 
geologic and hydrologic environment, enhanced by the great distance t o  the accessible envi- 
ronment. The geologic and hydrologic environment would be selected t o  provide s tabi l i ty ,  
minimal hydrologic transport potential, and low resource attractiveness. 

A waste packaging f a c i l i t y  would be located a t  the repository--site where spent fuel 
assemblies would be packaged individually. The packaged fuel assemblies would be placed in 
rotary dr i l led holes as much a s  10,000 m deep i n  crystal l ine rock. Holes for  packages for 



fuel assemblies would be approximately 48 cm i n  diameter. After empl&ement of approxi- 
mately 150 packages i n  the bottom 1,500 m of the hole, the hole wuld be sealed and filled. 

A reprocessing fuel cycle wwld require that prior to emplacement, high-level l iqu id  
wste  be converted to an imnobile solid and incorporated into a multibarrier package com- 
patible w i t h  the very-deep hole envi ronment. T R U  waste resulting from reprocessing would 
be disposed using other suitable disposal concepts (Table 6.2.1). 

6.2.1.3 Rock Melting 

I In the rock melting concept, disposal of high-level and some TRU waste would be 
. achieved by remote emplacement of ' l iquid  or slurried waste into a mined cavity. Decay heat 

w u l d  be allwed t o  ke l t  the surrounding rock which eventually would solidify, and form a 
solid, relatively insoluble, rock-waste 'matrix. Engineered containment could be provided 
during the operational period by a temporary chamber 11 ning; however, engi neered barriers 
would not be present during the molten phase. Following solidification, the rock-waste 
matrix would provide quasi-engineered containment wherein the host rock and waste forms 
would provide suitable post-solidification properties. Isolation and natural barriers would 
be provided by the surrounding geologic and hydrologic environment which.would be selected 
to  provide stability, minimal hydrologic transport potential and low resource 
attractiveness. 

Spent fuel would .be converted to a slurry or dissolved at  a waste processing faci l i ty  
located at  the repository site. Plutonium and uranium could be chemically separated and 
sent to a mlxed oxide fuel fabrication facil i ty if a reprocessing fuel cycle were utilized. 
High-level waste and contact-handled TRU waste i n  liquid or slurry form would be piped sep- 
arately to the repository. Here the waste .would be injected into mined cavities approxl- 
mately 20 m i n  djameter and 2,000 m deep. Liquid  or slurried contact-handled T R U  waste, 
supplemented w i t h  water as required, could be injected into the cavity to provide cooling. 
After the cavity i s  filled, cooling would be terminated and the injection shaft sealed. 
Heat from radioactive decay would melt the surrounding rock, forming a molten rock-waste mix 
at  a temperature L1OOO°C. The mix would eventually solidify, trapping the waste w i t h i n  a 
rock matrix. Solidification should be complete i n  about 1,000 years. 

Fuel hardware and TRU waste for vhich conversion to l i q u i d  or slurry is impractical 
wwld be packaged and emplaced us ing  a suitable alternative disposal concept (Table 6.2.1). 

4 

6.2.1.4 Island Mined Repository 

In the island mined repository concept, dispbsal of waste would be achieved by manned 
empl acement i n  mined chambers i n  stable geologic formations on continentat is1 ands. Engi- 
neered containment wuld be provided by the waste form and multibarrier package. Tailored 
sorptive backfill would provide an additional engineered barrier. Isolation and natural - 
barriers would be provided by the host rock and the surrounding geologic and hydrologic 
environment which would be selected to provide stability, minimal hydrologic transport 
potenti a1 and law resource attractiveness. 



Spent fuel assemblies would be packaged individually into canisters a t  a waste packag- 
ing f ac i l i t y  located in the continental U.S. ~ l l  canisters would be loaded into shipping 
casks and transported by r a i l  t o  the embarkation port fac i l i ty ,  A t  the par* f a c i l i t y  the 
waste packages would be transferred from the r a i l  casks t o  ocean shipping casks which would 
be loaded aboard ocean-going vessels. These vessels would transport the waste t o  a receiv- 
ing port on the US.-awned repository island. Waste casks would be transferred t o  r a i l  or 
highway vehicles fo r  shipment t o  the repository s i te .  Here the canisters would be unloaded 
from the shipping casks, placed in multibarrier packages, and placed in individual boreholes 
in the floor of mined chambers a t  least  500 m deep in  granite or basalt, located either 
within the fresh groundwater 1 ens or within underlying sal ine groundwater. Backf i 11 would 
be placed around each package following emplacement. As each chamber is ready i t  would be , 

backfilled and sealed. When the repository is f i l l e d  the access tunnels and shafts would 
be backfilled w i t h  appropriate materials and sealed. 

A reprocessing fuel cycle would require high-level liquid waste t o  be converted into 
an immobile solid tha t  would be incorporated into a multibarrier package compatible w i t h  the 
island geologic environment. O t h e r  wastes would be packaged and emplaced in the island 
repository. 

6.2.1.5 Subseabed Disposal 

In the subseabed disposal concept, disposal of waste would be achieved by remote 
emplacement in relatively thick, stable beds of sediment located in deep, quiescent, and 
remote regions of the oceans. Engineered multibarrier containment would be provided by the 
waste form, canister, and the outer body of the emplacement container, Isolation and a 
natural barrier would be provided by clay sediments which would be chosen for uniformity, 
high plasticity,  low permeability, high sorption potential, long-term s t ab i l i t y  and lou 
resource attractiveness. The ocean i t s e l f  would enhance remoteness, providing protection 
from human intrusion. Because the ocean is part of the accessible environment it wwld not 
be considered as a barrier t o  waste release. 

Spent fuel a s s e ~ l i e s  would be packaged individually in canisters a t  a waste packaging 
f ac i l i t y  located in the continental U.S. Packaged fuel assemblies would be loaded into 
shipping casks and transported by r a i l  t o  the embarkation port faci l i ty .  A t  the port facil- 
i t y  waste packages would be removed from the shipping casks and loaded Into emplacement 
vehicles; probably free f a l l  penetrometers. These wou 1 d be loaded onto spec i a1 oceangoing 
vessels and transported t o  the emplacement s i te ,  located in  the mid-plate, mid-gyre region 
of the ocean w i t h  depths of 3,000 to  5,000 m. A t  the s i t e  the penetrometers would be 
released t o  penetrate 50 t o  100 m into the clqy sediment. Closing o f  the hole above the 
penetrometers might 
seal the waste into 
emplacement. 

occur spontaneously or be accomplished by mechanical means and would 
the sediment. A monitoring vessel would verify satisfactory 



A reprocessing fuel cycle would produce liquid high-level waste that would be converted 
t o  an immobile solid for incorporation into a multibarrier package designed for emplacement 
i n  the sediments. TRU waste would probably require another suitable disposal concept 
(Table 6.2.1). 

6.2.1.6 Ice Sheet Disposal 

In the ice sheet disposal concept, disposal of high-level waste would be achieved by 
remote emplacement w i t h i n  a continental ice sheet. The plasticity of the ice would eventu- 
ally seal the waste from the environment and subfreezing temperatures would preclude Wdro- 
logic transport except possibly a t  the conditions encountered a t  the ice-rock interface. ' 

Engineered multibarrier containment would be provided by the waste form and canisters and 

possibly overpacks. Isolation and a natural barrier would be provided by the ice mass. The 
geographic lacation of the repository and the inclement weather of continental ice sheets 
would contribute to  the remoteness of the 'repository and decrease the possibility of human 
intrusion. 

Spent fuel assedlies would be packaged individually i n  canisters a t  a waste processing 
facil i t )  located i n  the continental U.S. Packaged fuel assemblies uould be loaded into 
shipping casks and transported by rai l  to  the embarkation port facility. A t  the port facil- 
ity waste packages would be transferred fran ra i l  casks to  ocean-shipping casks which would 
be loaded aboard ocean-going vessels. These vessels would transport the waste to  a receiv- 
ing port a t  the ice margin. Here the waste packages i n  shipping casks, would be transferred 
to tracked vehicles for transport to  the repository, located some distance inland. A t  the 
repository s i t e  the waste packages would be removed from the transport casks, placed into 
p i l o t  holes drilled 50 to  100 m into the ice and 'tethered to anchor plates w i t h  200 t o  
500 m cables or allowed t o  melt freely into the ice. Heat fran radioactive decay would melt 
the ice and the package would s i n k  into the ice sheet, reaching its final position i n  six 
to eighteen months. The pilot holes would be sealed by f i l l ing with.water which would sub- 
sequently freeze. Refreezfng of water above the package as I t  progressed downward would 
complete sealing of the emplacement holes. 

A reprocessing fuel cycle uould produce l i q u i d  high-level waste that would be con- 
verted t o  an immobile solid compatible w i t h  the ice environment. This solidified waste 
would be packaged and emplaced i n  the ice sheet repository. TRU waste would probably be 
disposed us ing  an alternative disposal concept (Table 6.2.1). 

6.2.1.7 Well Injection 

I n  the .well injection disposal concept, disposal of high-level waste would be achieved 
by remote emplacement of liquid or slurried waste into stable geologic formations capped by 
an impermeable boundary lqyer. A degree of engineered containment would be supplied by the 
waste form if a grout were used but  would not be present during the i-tion phase. Isola- 
tion and natural barriers would be provided by the host rock and the surrounding geologic 
and hydrologic environment which would be selected for its stability, min imum hydrologic 
transport potential, high sorption potential and l w  resource attractiveness. 



A waste processing faci l i ty  would be located a t  the repository s i t e  where spent fuel 
would be dissolved and prepared for injection, either directly as a dilute acidic liquid or 
as a neutralized grout. The prepared waste wwld be transferred by piping to  the injection 
well field. Dilute acid waste, if used, would be injected into porous sandstone having 
shale caprock a t  depths of approximately 1,000 m. Neutralized grout would be injected into 
a shale formation having natural or induced fractures a t  depths of approximately 500 m. TRU 
waste would require an alternative disposal concept. 

Liquid high-level waste resulting from a reprocessing fuel cycle would be t r a d e r r e d  
directly t o  the waste preparation facility, colocated w i t h  the reprocessing plant. TR& 

waste would be pa~kaged and emplaced using an alternative disposal concept (Table 6.2.1). 

6.2.1.8 Transmutation 

Transmutation would function as an ancillary waste treatment process for the conversion 
of selected long-lived waste isotopes to shorter-lived isotopes potenti a1 ly reducing the 
time during which repository integrity must be maintained. The process would be operated 
i n  conjunction w i t h  a waste management system using a suitable a1 ternative disposal conkept 
for disposal of radioactive waste, including transmutation products (Table 6.2.1): Because 
transmutation is a waste treatment process and not a disposal alternative, it cannot be 
assessed in terms of containment, barriers and remoteness i n  the same manner as these terms 

. are applied t o  repositories. 

A t  a processing plant spent fuel would be dissolved and uranium and plutonium separated 
for recycle. Reprocessing wastes would be transferred t o  an adjacent partitioning faci l i ty  
Mere long-lived waste isotopes would be partitioned from the reprocessing waste stream. 
The residual waste streams, stripped of long-lived isotopes, would be processed for disposal 
using a suitable disposal concept. The isotopes selected for transmutation would be com- 
bined w i t h  recovered plutonium and uranium and shipped to a HOX-FFP. 

A t  the fuel fabrication pl ant the plutonium-uranium-waste' isotope mixture would be fab- 
ricated into MOX fuel assemblies following addition of sufficient enriched uranium to  
achieve the desired end-of-cycle reactivity. TRU waste from the fuel fabrication plant 
would be sent t o  a colocated waste purification faci l i ty  for recovery of waste actinides. 
Recovered actinides would be returned to  the fuel fabrication faci l i ty  for incorporation 
into MOX fuel; the residual waste would be processed for disposal using a suitable alterna- 
tive waste disposal concept (Table 6.2.1). 

The MOX fuel, containing the waste isotopes for  transmutation, would be shipped in 
shielded casks to  power reactors where a portion of the waste isotopes would be transmted 
to  stable or shorter-lived isotopes. Transmuted isotopes would be partitioned for disposal 
during the subsequent reprocessing cycle. Repeated recycles would be required t o  achieve 
nearly complete transmutation af the long-lived isotopes. 

Implementation of transmutation as an actinide waste treatment-process requires that 
spent fuel be repraessed to  recover the actinides and that the actinides be recycled for - .  

transmutation, mandating a reprocessing-typei fuel cycle. 



6.2.1.9 Space 

In  the space disposal concept, disposal of selected waste products would be achieved 
by insertion of waste packages into a stable solar orbit approximately half-way between the 
orb i t s  of Earth and Venus. Engineered containment would be provided by the waste form and . 

its engineered package. Isolation would be provided by the remoteness of the orbit from 
Earth and the stabil i ty of the orbit. An additional impediment to return of waste would be 
provided by inclining the orbit to the ecliptic. 

Spent fuel would be chopped and dissolved a t  cr processing facility. Plutonium and ura- 
nium would be chemically separated and sent to a MOX-FFP if a reprocessing fuel cycle were 
utilized. Waste products for which space disposal i s  intended would be partitioned from the 
waste stream and transferred t o  an adjacent waste preparation facility. High-level and 
contact-handled TRU waste not deftined for space disposal would be processed for disposal 
uslng a suitable a1 ternative disposal concept (Table 6.2.1). A1 ternatively, the entire 
l i q u i d  high-level waste stream, including uranium and plutonium constituents, could be 
transferred to  the waste preparation facil i ty for  space disposal. 

A t  the waste preparation facility, the waste would be incorporated into a solid 
cerarnic-metal conposite (ucermeta) which would be formed into a payload of suitable shape 
and size. The payload would be packed into a radiation shield and this assembly loaded into 
a shipping cask for transport to  the nuclear payload preparation facil i ty near the launch 
site. 

A t  the nuclear payload preparation facility, the shielded waste assembly would be 
removed from the shipping cask and loaded into a reentry vehicle. A special transporter 
would then take the assemby to the launch site, where it wwld be positioned i n  the space 
shuttle cargo bay w i t h  an orbit transfer vehicle and a solar orbit insertion stage. 

The space shuttle wwld be launched into earth orbit where the reentry vehicle-pqyload 
assembly would be deployed from the cargo bay. The shielded waste assembly would then be 
removed from the reentry vehicle and attached to  the solar orbit insertion stage, which 
would be latched to the orbit transfer vehicle. The o r b i t  transfer vehicle would propel the 
solar orbit insertion stage into an earth escape trajectory, release the solar orbit inser- 
tion stage and return to earth orbit for recovery. The solar orbit insertion stage and the 
waste would continue and the waste would ultimately be inserted into a stable solar orbit 
a t  0.85 astronomical units. The space shuttle would return to  earth carrying the reentry 
and orbit transfer vehicles. 

The relationships of the nine disposal concepts to  the waste products of  the two pr i -  
mary fuel cycles have been sumnarized In Table 6.2.1. Products of the once-through fuel 
cycle include spent fuel assemblies w i t h  probably a small stream of contact-handled TRU 

waste resulting frm fuel element failures. Five of the disposal concefis could dispose of 
these products directly. However, rock .nett, we1 1 injec tion, transmutation and space dis-  
posal would require processing the spent fuel t o  liquid or slurry form w i t h  the result that 



the spectrum of waste products characteristic of the reprocessing fuel cycle is generated. 
This  includes l i q u i d  high-level waste, fuel hulls and hardware, and a substantial quantity 
of  remotely handled and contact-handled TRU waste. I t  should be noted that the reprocessing 
fuel cycle will likely require an a1 ternative disposal faci l i ty  (probably a mined reposi- 
tory) for the high volume TRU wastes for al l  concepts' except the island repository; mined 
repositories; and, perhaps, the subseabed. 

6.2.2 Assessment Factors and Standards of Judgement 

Ten assessment factors have been selected to faci l i ta te  comparison of the proposed waste 
management concepts. These factors are discussed i n  Subsections 6.2.2.1 through 6.2.2.10. 
Associated with certain of these factors are standards of judgement. The standards of 
judgement are applied in Section 6.2.3 to reduce the nine proposed waste management con- 
cepts to a subset of candidate concepts w i t h  greatest potential for adequate performance. 
Concepts i n  this subset are then c k a r e d  i n  Section 6.2.4 on the basis of the ten asses;- 

- nent factors. The ten assessment factors are listed i n  Table 6.2.2 below; the assessment 
factors are underlined. The standards of judgement appear as bullets i n  Table 6.2.3 and 
we grouped under the (under1 ined) assessment factors. 

TABLE 6.2.2. Assessment Factors 

Radiological Effects 
operational period 
post-operational period 

Non-Radiological Environmental Effects 
health effects 
soci o-economic effects 
aesthetic effects 
ecosystem effects 

Current Status of Development 
avail abi 1 i t y  of technology 
avail abi 1 i t y  of performance assessment methodologies 

Conformance w i t h  Federal Law and International Aqreements 

lndebendence from Future Development of the Nuclear Industrl 
industry size 
fuel cycles 
reactor design 

Cost of Development and Operation 

Potential for Corrective or Mitigating Action 
.- 

Long-Term Maintenance and Surveillance Requirements 

~esodrce Consumption 

Equity of Risk 



TABLE 6.2.3. Standards of Judgement 

Radiological Effects 
0 A concept should comply w i t h  radiological standards established for other fuel 

cycle faci l i t ies.  
0 Containment should be maintained during the period dominated by fission product 

decay. 
Waste should be Isolated from the accessible environment for a minimum of 
10,000 years. 

Non-Radiological Environmental Effects 

No standards were advanced for this factor. 
Current Status o f  Development 

The concept should be amenable to development within a reasonable period of time 
such that implementation is not l e f t  to future generations. 

0 Implementation of a concept should not require scientific breakthroughs. 
0 Capabilities for  assessing the performance of a concept must be available prior t o  

' 

comni t t i n g  major R&D. programs to  i t s  development. 
Conformance wi th  Federal Law and International Agreements 

Wo standards were advanced for this factor. 
Independence from Future Development of the Nuclear Industry 

0 Implementation of a concept should not be dependent upon the size of the nuclear 
industry. 

0 Concepts should be independent of fuel cycle issues. 
0 Concepts should be independent of reactor design issues. 

Cost of Development and Operation 
No standards were advanced for this factor. 

Potenti a1 for Corrective or Mitigating Action 
0 Concepts should all& corrective action to be taken in case of failure of' a 

system to perform as designed. 
Long-Term Maintenance and Survei 11 ance Requirements 

0 Reliance should not be placed on mafntenance or surveillance for extended times 
following termination of the operational period. 

Resource Consumpti on 
No standards were advanced for this factor. 

Equity of Risk -. -- No standards were advanced for this factor. 

6.2.2.1 Radiological Effects 

A central objective of the nuclear k t e  management program is to limit radiation dose 
to both  the public and to operating personnel to  acceptably low levels. Two time periods 
are of  interest. One is the operational period involving waste treatment, transportation, 
and emplacement and the second is the post operatio"al period f o l l w i ~ p  termination of 
repository operations . 

A useful measure of radiological effects during the operational period is radiation 
exposure resulting from emplacement of a quantity of waste derived fran the generation of a 



u n i t  of electrical power by nuclear means. Unfortunately, the current state of development 
of many of the concepts does not permit computation of t h i s  measure. Therefore, t h i s  analy- 
s i s  will rely upon relative comparison, using processing and transportation requirements as 
secondary indicators of potential radiation dose during the operational period. 

A reasonable minimum level of radiological performance during the operating period is 
that risks shall not be greater than those allowed for other nuclear fuel cycle facilities. 
This  suggests a standard that appropriate iegulatory requirements established for 
other fuel cycle fac i l i t ies  be met. 

Objectives 1 and 2 of the proposed DOE Waste Management, Performance Objectives 
(Table 6.2.4) are intended to  provide standards related to the radiological performance of 
waste management concepts during the past-emplacement period. Objective 1 requires that 
waste containment w i t h i n  the imnediate vicinity of in i t ia l  placement should be virtually 
complete during the period when radiation and thermal output  are dominated by fission pro- 
duct decay. Objective 2 requires a standard of reasonable assurance that wastes will be 
isolated from the environment for a period of a t  least 10,000 years w i t h  no prediction of 
significant decrease beyond that time. Both standards were adopted for this analysis 
(Table 6.2.3). 

TABLE' 6.2.4. Proposed DOE Waste Management Performance objectiveda) 

Waste containment w i t h i n  the imnediate vicinity of in i t ia l  placement should be 
virtually complete during the period when radf ation and thermal output are domi& 
nated by fission product decay. Any loss of containment should be a gradual pro- 
cess which results i n  very small fractional waste inventory release rates 
extending over very long release times, i.e., catastrophic losses of containment 
should not occur. 
Disposal systems should provide reasonable assurance that wastes will be isolated 
from the accessible environment for  a period of at  least 10,000 years w i t h  no 
prediction of significant decreases i n  isolation beyond that time. 
Risks during the operating phase of waste disposal systems should not be greater 
than those allowed for other nuclear fuel cycle facilities. Appropriate regula- 
tory requirements established for other fuel cycle fac i l i t ies  of a like nature 
should be met. 
The environmental impacts associated w i t h  waste disposal systems should be miti- 
gated t o  the extent reasonably achievable. 
The waste disposal system design and the analytical methods used to develop and 
demonstrate system effectiveness should be sufficiently conservative to compensate 
for residual design, operational, and long-term predictive uncertainties of poten- 
t i a l  Importance to system effectiveness, and should provfde reasonable assurance 
that regulatory standards w i  11 be met. 
tjaste disposal systems selected for implementation should be based upon a level 
of technology that can be implemented uithin a reasonable period of time, should 
not depend upon scientific breakthroughs, should be able to  be assessed w i t h  cur- 
rentt capabi l i t ies,  and should not require active maintenance' or surveillance for 
unreasonable times into the future. 
Waste disposal concepts selected for implementation should be independent of the 
size of the nuclear industry and of the resolution of specific fuel cycle or reac- 
tor design issues.and should be compatible w i t h  national policies. 

?' 

(a) DOVNE-0007--Statement of Position of the United States beparbent of Energy i n  the 
Matter of Proposed Rulemaking on the Storage and Disposal of Nuclear Waste. 



Non-Radiological Environmental Effects 

Non-radiological environmental effects considered t o  be of potential significance in 
the comparison of waste management concepts include health effects fran non-radiological 
causes, socioeconomic effects, aesthetic effects, and effects on ecosystems. 

Health effects  from non-radiological causes include in  juries and deaths occurring t o  
both occupational workers and t o  the general public from routine operations and from acci- 
dental conditions. 

Socioeconomic effects include impacts on the well-being of comnunities in  the vicinity 
of waste management fact  1 i t ies .  

Potential aesthetic effects include noise, odor and impacts on visual resources. 

Both natural and managed ecosystems would be affected by waste management operations. 
Potenti a1 impacts include those on ecosystem productivity, stabi 1 i ty, and diversity. 

No standards o f .  judgement have been advanced for  non-radiological environmental 
effects, although a l l  concepts would be expected t o  comply w i t h  standards established by 
responsible Federal and s ta te  regulatory agencies. The proposed WE Performance 
Objective 4 asserts the importance of minimizing non-radiation-related environmental 
effects. 

6.2.2.2 Status of Development 

This factor i s  intended t o  assess the waste management concepts on the basis of the 
maturity of the concepts, Two issues are of concern: 1) availabili ty of technology 
required t o  implement the concept, including that required for s i t e  characterization, 
repository development, waste treatment, hand1 ing, emplacement, and monitoring; and, 
2) abi l i ty  t o  predict performance of the waste management system. A third issue, cost of 
research and development, is considered under the factor of cost. 

Three standards o f  judgement relating t o  s ta tus  of development can be derived from the . 

proposed DOE Performance Objective 6. First the technology must be implemented within a 
reasonable period of time where "reasonable period of timem implies tha t  those currently 
responsible can complete the major part  of implementing a concept and not pass an.unresolved 
problem on' t o  future generations. Consequently, Objective 6 'also s ta tes  tha t  scient i f ic  
breakthroughs should not be required t o  permit implementation of a concept. Further capa- 
b i l i t i e s  for  assessing the performance of any particular waste management concept must be 
available a t  the time that  a decision is made t o  place emphasis on the development of any 
particular concept. , 

6.2.2.3 Conformance w i t h  Federal Law and International Agreements 

The purpose of t h i s  factor is t o  identify and compare potential conflicts with  Federal . 

legislation and international t reat ies ,  conventions, and understandyngs t o  which t h i s  nation 
is a party that would prevent implementation of a proposed option. The DOE proposed Perfor- 
mance Objective 7 s ta tes  that waste management systems "should be compatible w i t h  national 



policiesm suggesting that concepts might be rejected because of potential policy conf 1 icts. 
Because Federal legisl ation and international agreements can be amended for reasonable , 

cause, t h i s  condition w i l l  not  be used as a standard, but i t s  consideration provides ins igh t  
into the difficulty of Implementation. Any waste management concept, if implemented, would 
be required to comply w i t h  appli cable laws and regulations. 

6.2.2.4 Independence from Future Development of the Nuclear Industry 

Implementing a nuclear waste management system is  a large scale, costly, and long-term 
effort. Concepts selected for priority development should be independent of the future 
development of the nuclear industry including industry size, fuel cycles, and reactor 
desl gns. 

Three standards of judgement derived from WE Performance Objective 7 are related to 
t h i s  factor: 1) waste disposal concepts selected for Implementation should be independent 
of the size of the nuclear industry, 2) independent of specific fuel cycles and 3) indepen- 
dent of reactor design issues. 

6.2.2.5 Cost of Development and Operation 

The purpose of t h i s  factor is to compare concepts on the basis of estimated costs for 
research and development (presumably to be borne by the Federal government but recovered 
from the uti l i t ies through fees charged for disposal) and on costs of implementation and 
operation (borne by uti l i t ies and included i n  their rate bases). No standards have been 
established for cost. 

6.2.2.6 Potential for Corrective Action 

The probabf 1 i ty  of system failure can be reduced to low 1 wels by careful design, thor- 
ough assessment of performance and provision of redundant systems. However, as w i t h  any 
engineered system, probabil i ty  of failure cannot be entirely eliminated, w i t h  the result 
that there w i l l  remain a probability (a1 though very low) that the system may not perform as 
expected. Thus the ability to detect and correct failure or to mitigate i t s  consequences 
would be a desirable property of the concept selected far implementation. The desirability 
of correctfve action capability is  implied by DOE Performance Objective 5 which suggests 
that corrective, action capabilities should be provided to compensate for residual uncer- 
tainties i n  system perf ormnce. Thus the importance of correct1 ve action capabi 1 i ty shout d 
be assessed with consideration of residual uncertainties i n  system performance. 

The proposed NRC Technical Standards for Regul ating Geologic Disposal of H i  gh-Level 
Radioactive Waste require retrievability, a form of corrective action, to be maintained for 
50 years following termination of waste emplacement operations (Proposed 10 60.111(a) . 
(3)). No standards were established for corrective action potential given the dissimilar 
characteristics of certain of the waste management options. - 



6 .2.2.7 Long-term Maintenance and Survei 1 1 ance Requirements 

Future generations cannot reasonably be expected to  assume a burden of maintaining and 
monitoring the nuclear wastes of present generations. Thus a desirable assessment factor 
for waste management concepts i s  that they require minimal maintenance or monitoring . 

following decmissioning. The Environmental Protection Agency has included i n  its draft 
standards for waste management a stipulation that surveillance and maintenance should not 
be relied upon for a period exceeding 100 years after termination of active disposal opera- 
tions (43 Fed. Register, Section 221, November 1978). A more general performance standard 
was adopted for this analysis that reliance should not be placed'on maintenance and surveil- 
lance for extended times following termination of the operational period. 

6.2.2.8 Resource Consumpti on 

Any waste management option would require the consumption of certain resources includ- 
ing energy, cr i t ica l  nonfuel materials, and land. Certain materials which are important to  
a waste management option m a y  be, i n  short supply, potentially producing market disruptions 
or increased dependence 'on uncertain suppli  es. Potentially cri t ical  materials are listed 
i n  Table 6.2.5. I t  is important that no waste isolation approach use an unreasonable amount 
of my cri t ical  resource, bu t  no specific standard is advanced. 

TABLE 6.2.5. Potentially Critical Materials( a) 

Aluminum Cobalt Nickel Water 
Antimony Columbium Platinum Natural Gas 
Asbestos ~ r aph i t e  Potash Electricity 
Bismuth Iodine . Quartz (crystals) Coal 
Cesium Manganese Tantalum Petrol eum-Derived Fuels 
Chromium Mica T in  Other Fuels 

(a) The nonfuel minerals of this group are considered to  be "major prob-. 
lems fran the national viewpointm by the U.S. Bureau of Wines 
because of U.S. low-grade resource or reserve inadequacy to 
Y P A ~  9Mn 

6.2.2.9 Equity o f  Risk 

Although the responsibflity for disposal of high level radioactive waste belongs to the 
Federal government, the implementation of a specific solution will require cooperation w i t h  
the state and local government$, and w i t h  the general public. A few localities will be 
required to accept and service the fac i l i t i e s  for disposal of waste that was created i n  pro- 
viding service and benefits t o  a very broad segment of the country's population. Conse- 
quently, the implementation of a disposal method will have to  be judged against the equity 
of risk by the political ,subd.ivision involved. - 



6.2.3 Application of Performance Standards - 

The nine proposed waste disposal concepts are examf ned i n  th f  s secti  on with respect t o  
the performance standards advanced i n  Table 6.2.3. Results of t h i s  judgement are tabulated 
i n  Table 6.2.6. The subset o f  concepts meeting these standards are subjected t o  more 
detailed comparative analysis i n  Section 6.2.4. 

6.2.3.1 A Concept Should Comply with Radiological Standards Established f o r  Other Fuel 
Cycle Fac i l i t ies  

The unique characteristics o f ,  several o f  the proposed waste disposal concepts set them 
qui te apart i n  design and operation fm any exist ing fue l  cycle f ac i l i t y .  Thus, although 
it i s  appropriate t o  evaluate the cancepts on current dose, r i s k  and emission standards, it 

may be inappropriate t o  apply regulations relat ing t o  the means o f  achieving these stan- 
dards. It i s  not evident, based on available information, that  any of the nine proposed 
concepts would necessarily f a i l  to'comply wi th  dose, r i s k  and emission standards; though it 
i s  l i ke l y  that  the radiological releases would vary among the concepts. 

6.2.3.2 Contaiment Should be Maintained During the Period Dominated by Fission 
Product Decay 

"Containmentm i s  defined i n  the NRC proposed technical c r i t e r i a  f o r  regulating geologic 
disposal o f  high-level radioactive waste as .keeping radioactive waste wi th in a designated 
boundarym (Proposed 10 CFR Part 60). Because o f  inherent differences among the concepts, 
the 

0 

m 

0 

0 

a 

following definit ions o f  containment are used f o r  t h i s  assessment: 

Wined Repository--Waste i s  contained within the waste package (Proposed 10 CFR 

Part 60.) 

~ e p o s i t o r y )  Uaste i s  contained within the package. 
Ice Sheet Disposal 
Rock Melt--Waste i s  contained within the rock-waste matrix, and i n  the intended 
location. 

Subseabed ~isposa'l--Waste i s  contained within the paekage (penetrometer case or 
overpack) . \ 

Well Injection--Dilute Acid: Waste i s  contained within the intended region o f  
the host formation 
Shale-Grout: Waste i s  contained within the grout matrix, and i n  
the intended region o f  the host formation. 

rn Transmutation--None, the containment concept i s .  not applicable. 

a Space--Waste i s  contained within i t s  package wtthin the predetermined heliocen- 
t r i c  orbit.  

Based on these definit ions of containment, engineering judgement indicates' that  con- 
tainment f o r  several hundred years could l i k e l y  be achieved using the mined repofftory, very 



deep hole, island mined repository, subseabed, ice sheet, and space disposal concepts. 
U~er ta in t ies ,  however, are associated w i t h  the very deep hole concept depending on depth 
of emplacement and associated conditions of temperature and pressure to  which the package 
i s  exposed. 

Because the rock melt concept does not provide s system of engineered barriers, .and 
because of the elevated temperatures, it appears likely that heated water vapor or liquid 
could contact, leach and transport waste from the as yet unsolidified rock-waste matrix of  
the rock melt concept during the ini t ia l  1000-year post-operational period. 

Because the well injection concept does not provide a series of engineered barriers, 
me thousand year containment could not be assured w i t h  either of the uell injection pro- 
posals. biffusion of dilute acid injected waste into fractures and discontinuities of for- 
mations adjacent to the host formation could be expected. 

In conclusion, I t  appears ptobable that containment of emplaced waste, as defined, 
could be maintained through the period dominated by fission product dec&,for a l l  concepts 
except rock melt and uell injection. The containment concept does not apply to 
transmutati on. 

6.2.3.3 Uaste Should Be Isolated from the Accessible Environment for a Minimum of 
10.000 Years 

Ten thousand years has been proposed as a time period during which the radiotoxicity 
of properly treated waste would decay to levels comparable w i t h  the natural uranium ore 
bodies from which the materials were originally derived (Voss 1980). "isolatedni is inter- 
preted as "segregation of the waste from the accessible environment within acceptable 

(Proposed 10 CFR P a r t  60) where the accessible environment includes the atmosphere, 
the land surface, surface waters, oceans and presently used aquifers (Proposed, 10 CFR 
P a r t  60, 40 CFR Part 146). "Acceptable limitsm has been generally interpreted to  include 
releases resulting i n  dose rates w i  t h i n  the normal variation of natural ly occurring radi a- 
tion dose rates (WE 1980). 

Analysis to date of the mined repository concept suggests no reason to  believe that 
acceptable isolation could not be maintained by the geologic environment for a 10,000-year 
period, w i t h  the possible exception of very l w  probability catastrophic accident situa- 
tions. The probability of these occurring i s  estimated to  be small. Similarly, it appears 
quite possible that the very deep hole concept could maintain acceptable waste isolation 
over the required period if such depths are successfully Isolated from ground water. 

Maintenance of waste package containment cannot be assumed for the 10,000-year period 
for the mined repository, very deep hole, island mined repository, subseabed disposal and 
ice sheet disposal concepts. Package faflure wwld expose the waste form to a saturated 
hydrologic environment for the subseabed and is1 and disposal concepts and acceptable i sola- 
tion would be dependent upon stabili ty of the hydrologic environment anh the sorptive prop- 
erties of the host  materi a1 and surrounding geologic environment. Available evidence 
indicates that acceptable isolation could be malntained using the subseabed concept. Satis- 



factory performance of the island concept, while possible, is less certain because of an 
incomplete understanding of is  1 and hydrologic systems. 

Maintenance of isolation for the requisite period under ice sheet conditions appears 
to be sufficiently questionable as to preclude this option from further consideration on the 
basis of this standard of judgement. If not tethered, the packages would descend to the 
ice-rock interface where the waste form packages could be pulverized by ice motion, and 
waste subsequently transported to the ocean by water potentially present a t  the interface. 
If tethered, ice sheet erosion or sublimation (possible w i t h i n  a 10,000-year period given 
historical climatic fluctuation) could expose waste to the surface environment. 

The waste-rock matrix of the rock melt concept would potentially be exposed to severe 
hydrothermal alteration and leaching conditions late i n  the cooling phase when hot water may 
be present at the periphery of the rock-waste mass. This could result i n  transfer of waste 
to ground water. However if the surrounding geologic and hydrologic conditions were suit- 
able, migration of waste to the accessible environment might be limited to acceptably low 
levels. On the other hand, themmechanical disruption of the surrounding geology by the 
rock melt,process might allow rapid transfer of contaminated ground water to surface aqui- 
fers, especially if promoted by thermal gradients from decay heat. While there i s  currently 
insufficient evidence to eliminate rock melt from further consideration on the basis of this 
standard of judgement, satisfactory performance appears highly uncertain. Furthermore a 
method for resolving this uncertainty does not appear to be avail able. 

The host rock is the primary isolation mechanism for the shale-grout version of well 
injection. Assuming a suitably stable formation of adequate sorptive potential, preliminary 
calculations (Section 6.1.6) indicate that the likelihood of unacceptable quantities of 
radionuclides reaching accessible ground water is  small. For dilute acid injection, assum- 
ing the s i t e  has suitable bounding formations, it .also appears that there would be a low 
probability of unacceptable quantities of radioisotopes reaching accessible aquifers. How- 
ever, prediction of acceptable long-term performance of well injection will require thorough 
characterization and understanding of the host formations and surrounding geology. I t  i s  
highly uncertain at this time how this could be accomplished. 

The transmutation concept may not require repositories providing 10,000-year isolation 
if al l  1 ong-lived isotopes are eliminated. However, the 10,000-year isolation standard is 
not applicable to the transmutation process per se. 

The space disposal concept appears to have most merit w i t h  respect to isolation. I t  
has been calculated that a stable orbit would provide a minimum of 1 million years 
isolation. r 

In conclusion, i t  appears that all concepts w i t h  the exception of ice sheet, rock melt, 
and well injection have the potential of meeting the 10,000-year standard for acceptable 
waste isolation. - 



6.2.3.4 The Concept Should be Amenable to  Development Within a Reasonable Period of Time 
Such That Implementation is Not Left to  Future Generations 

Necessary implementation time(') for the ice sheet concept i s  estimated to be 30 years 
or greater (Section 6.1.5) primarily because of .the substantial uncertainties which remain 
to be resolved regarding ice sheet stability, structure, and dynamics and understanding of 
waste-ice interaction. A minimum time of 20 years is also projected for transmutation (Sec- 
tion 6.1.7); it is unlikely that this concept could be Implemented prior to the turn of the 
century given the need to resolve theoretical uncertainties, and establish siting criteria; 
and the time required for p i l o t  plant development, construction, and testing, and construc- 
tion of comnercial-scale facilities. 

Development time has not been projected for the well injection concept. Although the 
engineering requirements for this concept do not appear difficult, requirements for improved 
s i t e  characterization techniques, performance assessment methods and monitoring technology 
appear to be formidable. However 'it may be possible to  implement this  concept w i t h i n  ' 

20 years. 
I 

The remaining 20 years of this century would appear t o  be adequate for implementation 
of any of the remaining concepts, if it is assumed that very deep holes may be less than 
10,000 m deep. 

In sumary, it appears that a l l  concepts w i t h  the exception of ice sheet and transmuta- 
tion qualify on this standard of judgement. 

6.2.3.5 Implementation of a Concept should Not Require Scientific ~reakthroughs- 

Several concepts would require significant extension of existing technology to achieve 
satisfactory implementation; bu t  none of the concepts appear to require scientific break- 
throughs. Transmutation might be most efficiently accmpllshed i n  a fusion reactor, which 
wutd require a scientific breakthrough. 

~ 

. 6.2.3.6 Capabilities for Assessing the Performance of a Concept Must Be ~va i lab le  Prior to  
Cmi t t ing  Major R&D Programs t o  I t s  Development 

The need for substanti a1 addit tonal ' assessment capabi 1 i t ies  appears to 
exist for a l l  concepts. While the mined repository will require refinement of performance 
assessment capabilities, it i s  belleved that t h i s  will be achieved i n  the near future. 
Manned inspection of  the emplacement location is currently being proposed by the WRC. If 
this should be applied to a l l  concepts, it would eliminate subseabed, very deep hole, ice 
sheet, well injection, space, and probably rock melt concepts. 

A1 1 concepts, w i t h  the exception of transmutati on, space, and subseabed require further 
development of remote sensing capability for assessment of the characteristics of the poten- 
t i a l  host media.. In addition, the well injection and rock melt concepts would require - 

(a) A l l  estimates of time assume that the concept discussed receives priority for'funding. 



development of methods for prediction and medsurement of waste 1ocati.on and configuration. 
The lack of predictive methods for the ice sheet concept' appears sufficiently intractable 
at this time to preclude consideration of this concept. 

6.2.3.7 Implementation of a Concept Should Not Be Dependent Upon the Size of the 
Nuclear Industry 

The rock melt, transmutation and space options appear to be potentially sensitive to 
the size of the nuclear industry. The reference rock melting concept would require suffi- 
cient waste product to operate at least one cavity ( 40,000 MTHM equivalent waste) and suc- 
ceeding increments would be equally as 1 arge. The minimum size of a rock melt cavity has 
not been determined, however, and i t  is possible that smaller increments would be feasible. 
Transmutation would require operating reactors for the transmutation step and a tuff ic i  ently 
large industry to justify the investment i n  special ired support facilities. Space disposal, 
as well, would require a sizable investment i n  specialized hardware, needing a substantial 
nuclear industry to justify t h i s  investment. This ,  however, i s  an economic question and 
does not intrinsically disqualify space disposal f m  consideration. 

6.2.3.8 Concepts Should Be Independent of Fuel Cycle Issues 

Fuel cycles treated i n  this document include the once-through cycle and full  uranium- 
plutonium recycle; however other cycles are possible. Although the uranium-only fuel cycle 
was discussed i n  the draft of this  Statement, review comnents indlcate that this  cycle is 
not considered reasonable by the industry or the scientific community and therefore this 
cycle is  not considered further. Additional fuel cycle issues relate to timing of fuel 
cycle imp1 ementation and defense wastes. 

Once-Throuqh and Reprocesslnq Fuel Cycles 

As sumnarized i n  Table 6.2.1, the mined repository and is1 and mined repository concepts 
would be capable of accomnodating all waste products of both the once-through and reprocess- 
ing fuel cycles. Various considerations suggest the use of mined repositories for bulky 
equipment and for the considerable volhe of TRU wastes, hulls, and hardware generated by 
the reprocessing fuel cycle for disposal concepts that cannot accomnodate .these wastes. 

The rock melt and well injection options could f i  nd application ,wi th  either the once- 
through or the reprocessing fuel cycles. Fuel processing would be required for the once- 
through cycle. 

The space disposal concept, as well, could find application to either fuel cycle, 
however, partitioning of the waste as well as processing of spent fuel would be required i f  
the once-through fuel cycle were used. 

Transmutation would find i t s  most promising application w i t h  the reprocessing fuel 
cycle. Processing and partitioning of spent fuel and recycle i n  a reactor - would be required 
and alternati ve disposal technology would be needed for disposal of other transmutation 
waste products, high-level l iquid  fission product waste and fuel hulls and hardware. 



Timing 

The timing o f  implementation of a waste management system could potent ia l ly  affect the 
f e a s i b i l i t y  o f  the concepts because 'of declining decay heat generation rates or by the 

ava i l ab i l i t y  of f a c i l i t i e s  required to implement the concept. Substantial reduction of . 

decay heat rates pr io r  t o  emplacement of spent fuel or high-level waste could conceivably 
af fect  the operation o f  the rock melt and the ice sheet concepts; however reduction i n  decay 
heat rates over the time frames being considered fo r  deferred fuel  cycles do not appear to 

be great enough to material ly affect operation o f  either of these concepts. Postponement 
o f  waste disposal operations beyond the period when l i g h t  water power reactors were the 
domi nant cbmnerci a1 type could impact the transmutation concept by requiring a1 ternat i  ve 
transmutation devices. However, a1 ternative devices, including fas t  breeder f i ss ion  
reactors and fusion devices, may be available and probably superior t o  l i g h t  water reactors 

(Croff e t  al. 1980). Thus it i s  not f e l t  that any concept can be dismissed on the basis o f  
t i m i  ng a1 one. 

Sumnary o f  Fuel Cycle Issues 

I n  sumnary, it appears that a l l  of  the concepts of fer  some potential benefit with any 
fuel  cycle and that none should be dismissed because of sensi t iv i ty  to fuel  cycle issues 
(although the case fo r  transmutation with a once-through fuel  cycle appears to  be quite mar- 
ginal). Pursuit of  the rock melt, well injection, transmutation or space disposal concepts 
with ei ther fuel  cycle would requf re concurrent development o f  one of the concepts capable 
o f  disposing o f  TRU waste, probably 'a mined repository. 

6.2.3.9 Concepts Should Be Independent af Reactor Desisn Issues 

None o f  the concepts appear to be especially sensit ive t o  reactor design issues. 

6.2.3.10 Implementation of a Concept Should A l l o w  A b i l i t y  t o  Correct or Mitigate Failure 

This standard tends to  favor those concepts i n  which wastes may be readi ly retrieved 
if observations of the i r  actual behavior under ' f u l l  -spale implementation reveal previously 
unanticipated defects i n  the disposal system. ~ i b e d  geologic disposal lends i t s e l f  most 
readi ly  t o  th is  requirement although obviously attempts at transmutation could easi ly be 
abandoned if 1 arge-scale 'operations f a i l &  t o  work. 

Those concepts i n  Hhich ret r ieval  from a large-scale system would be d i f f i c u l t  or 
impossible f a i l  to meet th is  requirement. These concepts Include space disposal, rock 
me1 t, well injection, and under certain circumstances, ice sheet disposal. 

6.2.3.11 Maintenance or Surveillance Should Not Be Required f o r  Extended Periods Following 
Termination of Active Repository Operations 

The resol id i f icat ion period o f  1,000 years required of the rock' ~ e l t  concept would 
appear to  require surveillance fo r  a substantial period to  ver i fy  long-term s t a b i l i t y  and 
satisfactory containment of the molten mass. This i s  seen as su f f i c ien t ly  contrary to t h i s  



standard of judgement as to prohibit preferred consideration of the rock melt option. The 
other concepts appear not to be affected by t h i s  consideration. . 

The performance of the nine proposed disposal concepts against the standards of judge- 
ment is sumnarized i n  Table 6.2.6. I t  should be emphasized that these conclusions are based 
largely on judgement of  the authors, based i n  many cases on fragmentary or qualitative 
infomation. Of the nine proposed concepts, mined repository, very deep bola, island mined 
repository, subseabed, and space disposal have the potential for meeting al l  of the stan- 
dards. A comparison of these five concepts is given i n  the next section. 

6.2.4 Comparison of the Waste Disposal Concepts wi th  Most Potential 

This section compares the mined repository, is1 and mined repository, very deep hole, 
subseabed and space disposal concepts on the basis of the assessment factors introduced in 
Section 6.2.2. 

6.2.4.1 Radiolosical Effects 

Operati onal Period 

During, the operational period, occupational exposure due to wasti rnanagemfnt would be 
dominated by that associated wi th  waste processing. Transportation of TRU waste represents 
the greatest ,source of dose to the general public because of the large volume of material. 
Additional dose to both occupational workers and to the general public could result from 
accidents. 

1 

occupational radiological effects attributable to processing operations would likely 
be quite similar for the mined repository, very deep hole, island mined repository, and sub- 
seabed. options because the waste treatments are simi 1 ar . Slightly greater occupational 
exposure could be expected w i t h  the very deep hole and subseabed options should it be 
decided to section bulky TRU-contaminated equipment for disposal by these options--an 
unlikely decision. Space disposal would require dissolution of spent fuel for both once- 
through and reprocessing fuel cycles, potenti ally resulting i n  greater radiological affects 
compared to the other options. 

Transpor.tation and handling requirements of spent fuel from power reactors to the waste 
treatment/packaging f aci l i t i e s  wbuld be approximately equivalent 'for each. of the disposal 
concepts. The mined repository and very deep hole emplacement faci l i t ies  could be colocated 
w i t h  the treatement/packaging facil i ty sp that no additional transportation i s  required. 
Alternathly, the 'packaging faci l i ty  could be located elsewhere. Subseabed would probably 
requi re two additional transport operations-transfer 'of waste packages to the embarkation 
port and subsequent ocean transport to the disposal site. Island repositories would require 
one additional movement, from the receiving port t o  the repository and would t h u s  be equiva- 
lent to $pace disposal which wuld be characterized by a maximum of four major transport 
links for high-level waste. A smaller number of links could result from' appropriate coloca- 



TABLE 6.2.6. Performance o f  Proposed Waste Nanagement Concepts on Ten Performance Standards 

Radlologlcal 1.0(10-Year lO.O!%Year bwclopntntal Scientific Prulictlve Industry Fuel Reactov Abi l i ty  t o  Correct Maintenonce 
Standards Cmtainment Isolation Time Rreakthrauphs Cwabi l l ty  Size Cycles Uesla or Hitigate Fal lwe B Surveillame 

Mined Repmltary X X X X X X X X X X .  X 

Rack Nelt X L 

Island Mined 
R q ~ m i t ~ y  X X 

well I n j u t l m  X No 

Space X X X X X X X X X flo X 

x =  he a m e p t  appears to haw the pbtmtial to  met this standard bed on wailable wltkm. 
flo = The concept does not appear to haw the potential to meet this standard based on available evidence. 
ffn = This standad i s  not applicable to  this concept. 



t i on  o f  f ac i l i t i es .  The fa i l u re  o f  a launch vehicle presents a potential single mode f a i l -  

ure fo r  space disposal and rapid rescue from incorrect earth o rb i t  would l i k e l y  be required 

to prevent pub1 i c  exposure. 

Although, based on present evidence, any o f  'the concepts could probably be conducted 

with radiation doses no greater than those currently permitted i n  fuel  cycle fac i l i t i es ,  

substanti a1 differences i n  cumulative radiation exposure might exist  among the concepts. 

The above analysis suggests the f 01 1 owing order of decreasing preference among concepts 

based on re1 a t i  ve radio1 ogical effects during the operational period: mined repository; 

very deep hole; i s1  and mined repository; subseabed; space. 

Post-Operational Period 

Based on present evidence, any o f  the f i v e  concepts compared here has the potential t o  

perform sa t is fac tor i l y  i n  the post-operational period (Section 6.2.3). However, proba- 

b i l i t i e s  o f  satisfactory performance d i f f e r  and w i l l  be used as the basis o f  th is  compari- 

son. Factors to  be considered i n  evaluati ng. the post-operational radiological i n teg r i t y  
include fa i l u re  o f  engineered containment t o  perform as expected, fa i lu re  o f  natural bar- 

r i e r s  to perform as expected, compromise of repository in tegr i ty  by catastrophic natural 

events exceeding design standards, and compromise o f  repository in tegr i ty  by inadvertent 

human activity. From the standpoint of a l l  four considerations, space disposal probably 

would provide the greatest certainty *of satisfactory waste is01 ation i n  the post-empl acement 

period. I n  addition, the probabi l i ty of satisfactory containment f o r  several hundred years 

i s  seen as equally l i k e l y  f o r  the remaining concepts (see Section 6.2.3) although the per- 

formance o f  the package i n  the very deep hole i s  somewhat uncertain. Thus th i s  discussion 
w i l l  focus on the prospects fo r  longer-term isolation. 

The effectiveness o f  natural barriers i s  seen to  be potent ia l ly  the greatest f o r  the 

very deep hole concept because o f  the extreme depths involved. This assumes that depth 

alone w i l l  provide the single most effect ive barrier; however, uncertainties regarding the 

long-term in teg r i t y  o f  the hole seal remain to be resolved. The mined repository concept 

re l ies  on shaft seals as a barr ier also but .appears to o f fe r  greater probabi l i ty of satis- 

factory long-term in teg r i t y  due to  the a b i l i t y  f o r  human access during sealing operations. 

The poss ib i l i t y  of disturbing the s t a b i l i t y  o f  the host sediment by emplaced waste might 

render the performance o f  the subseabed option less than that of mined geologic. The lack 

o f  understanding regarding behavior o f  island hydrologic systems under natural or waste- 

perturbed conditions raises signif icant questions as to the performance of the i s1  and mined 

repository i n  the long-term. For th is  reason the is1 and mined repository concept i s  consid- 

ered to be the least acceptable o f  the concepts on the basis o f  potential performance of 

natural barriers . 
O f  the four non-space concepts, very deep hole appears on the basis of i t s  remote depth 

t o  o f fe r  superior protection from catastrophic natural events. L i t t l e  d is t inct ion on th i s  

basis can be made between the subseabed, and mined repository concepts, Mined repositories 

on is1 ands appear susceptible to  catastrophic natural events associated with changes In 
future ocean levels. 



As discussed i n  Section 6.2.1, efforts would be made t o  avoid s i t i ng  'repositories i n  
areas having known or potenti a1 resource value, reducing the motivation f o r  human intrusion. 
Fresh ground water can be a vdluable resource i n  an island environment, however, and the 

presence o f  fresh water i s  in t r ins ic  t o  the mast potential island locations. Metal-bearinc, 
nodules are found--though they are scarce and of low grade-in the section o f  the ocean 
being considered fo r  subseabed disposal. The resul t ing order o f  decreasing preference 
re la t i ve  to prospects f o r  inadvertent human intrusion would be space, very deep hole, mined 
repository, subseabed and island. 

This overall analysis suggests the fol lowing order o f  decreasing preference re1 at lve 
t o  prospects f o r  satisfactory radiological performance i n  the post-emplacement period: 

space; mined repository; very deep hole; subseabed; i s  1 and mined repository. 

6.2.4.2 Nondadiological Environmental Effects 

Health Effects 

Implementation of any of the concepts would involve high-risk construction and opera- 
t i on  ac t iv i t ies  including mining operations at sea and operations i n  space. Industr ial  
accidents w i l l  undoubtedly occur; however, insuf f ic ient  evidence currently exists to estab- 
1 ish signif icant differences between options. 

In jur ies to the public could resul t  from transportation accidents, and based on the . 

number of transportation l inks inherent i n  each concept to uhich the public would be exposed 
(see Section 6.2.4.1), the order o f  decreasing preference would be the mined repository/ 

very deep hole, island, and subseabedhpace concepts. The mined repository and very deep 
hole concepts are essential ly equivalent i n  t h i s  regard, as are the island and subseabed 
concepts. 

Sacioeconomi c Effects 

A comparative analysis o f  socioeconomic effects o f  generic disposal options i s  d i f f i -  

c u l t  because o f  the s i t e  specif ic nature of those effects. While one can assess factors 
such as size and number of fac i l i t ies ,  the types of location and the sf ze, timing and sta- 
b i l i t y  of the associated work force as discriminators among technology options, t h i s  i s  only 
hal f  o f  the necessary information to assess impact. The other hal f  consists o f  those fac- 
tors associated with the area's a b i l i t y  to absorb the impacts. For example i n  times of high 
employment (no labor surplus) and high housing occupancy rates (no available housing) a 
project which requires high levels of manpower w i l l  create a serious (negative) impact. At  
a time when unemployment i s  high and housing i s  available, the same project would be of a 

posit ive impact. 

Since these technologies involve d i f ferent  types of location and transportation steps, 

comparison against a 'generic" location i s  not rea l l y  possible. The addition o f  effects 
across several locations i s  not c lear ly  a meaningful exercise since the impacts do not sum- - 
mate f o r  any given conmunity or person. 



The mined repository and very deep hole disposal 
p1 ant and colocated reposi tories . Subseabed dispos a1 
tion to packaging plants and the is land  concept would 
and the island repository. The space disposal option 

option would require o n k  packaging 
would require a port facil i ty i n  addi- 
require, i n  addition, a receiving port 
would require processing, packaging, 

and launch facilities. An auxiliary waste disposal system for remotely handled and contact- 
handled TRU waste would likely be required for all concepts except mined geologic and island 
repositories. 

In general, construction activities near small comnunities impact the socioeconomic 
structure of the comnunity more than construction.activities near large comnunities. Major 
facil i t ies for the island geologic and subseabed disposal options would be located near the 
sea coast where the work force could typically be drawn from nearby comnunities. For the 
space disposal option, launch pad facil i t ies exist and the required auxiliary facil i t ies 
could be constructed at the launch site; however the waste treatment facil i ty would also be 
required. The mined repository and very deep hole reposi tories would be located in areas 
of the continental United States, possibly in remote low population areas. In the case of 
space disposal especfally'there w i l l  likely be a substantial long-term increase i n  local 
employnent due to the number of people required for support of launch activities. Subseabed 
has the same characteristics to a lesser degree, as does island disposal. 

In conclusion, insufficient evidence (on a generic basis) i s  currently available to  
permit meaningful evaluation of 'a1 ternat i ve concepts on the basis of socioeconomic factors. 

Aesthetic Effects 

Aesthetic effects include noise, odors, and visual impacts. Analysis of aesthetic 
effects requires site-specific data because the effects are quite localized and dependent 
upon the design and siting of facilities. Because o f  this, characterization and comparison 
of aesthetic effects is  not attempted i n  this Statement. Aesthetic effects would be an 
appropriate consideratfon i n  a statement considering proposed faci l i ty  construction at a . 
specific location. Items such as spoil piles from mined repositories and mud ponds from 
deep hole drilling could be unsightly, but the impacted area i s  not large. 

Ecosystem Effects 

Potential impacts of waste management facil i t ies on ecosystems include effects on pro- 
ductivity, stability, and diversity. Evaluation of these effects a t  the generic level i s  
difficult because of the sensitivity of these primary impacts to s i t e  and design character- 
istics which can only be addressed when considering specific installations. Consideration 
of such siting or'design characteristics i s  beyond the scope of this generic statement. 
Thus to assess potential effects of the waste management options on ecosystems, i t  i s  neces- 
sary to look for eff wts  inherent i n  the concepts under consideration. 

Potential effects of the mined repository option include preemption of habitat during 
construction and 1 operation of waste processing and repository facil i t ies,  - potential releases 
of toxic. waste processing chemicals to the environment and potenti a1 release of toxic spoil 
materials. Some preemption of habitat is unavoidable ht w i t h  appropriate location and 



design might well be limited to a few hundred acres of low productivity. habitat. Release 
of toxic materials presents a potentially more severe problem. While it is  predicted that 
release of chemicals from waste packaging faciiities can be controlled to acceptable levels, 
control of spoils may prove difficult because of the open air storage required. 

Very deep hole re~ositories would produce ecospte. effects similar to the mined 
repository option. Spoils, however, would be less bulky and presumably easier to control. 

Is1 and geologic, though technically similar to the mined reposit&y concept, has a 
greater potential for ecosystem disruption because of the sensitive and unique charrcterir- 
tics of many island ecosystems. Assuming careful design and management of such a facility, 
however, the facility exclusion area might well protect or restore the integrity of the 
natural ecosystem as has happened to some extent at the sites such as the DOE sfte near Han- 
ford, Uashington. Leach of the spoil pile could signif icantly effect the quality of a small 
is1 and 'ecosys ten. 

The potential ecological effects of the subseabed option are not known at this time. 
On-shore facilities are likely to h constructed neb  populated (and presunably ecologically 
disturbed) areas because of current efforts to protect what remains of natural coastline. 
A large area of seabed would be subject to penetrometer emplacement; however, the population 
and productivity of the affected region is 1 i kely to be law and re1 atively minor disturbance 
would be experienced. 

Ecological effects of space disposal are likely to be modest ( w i t h  the exception of 
those normally associated with space flight launches) i n  comparison to the other options. 
Assmi ng space dispos a1 of a1 I high-level waste, anci 11 ary geological reposi tory require- 
ments would be very small compared t o  disposing of all  waste i n  terrestrial repositories. 

A1 1 concepts under consideration here offer the potenti a1 for satisfactory performance 
on the basis of non-radiological environmental effects; however, important differences i n  
the absolute magnitude of these effects may exist. Sane discrimination is possible on the 
basis of non-radiological health effects tb the general public; however, the generic nature 
of the study and the early stage of development of most of the concepts provide tenuous dis- 
crimi nation among concepts on the basis of occupational (non-radiological ) health effects 
and socioeconomic, aesthetic, and ecological effects . The order of decreasing preference 
based on available evidence regarding non-radiologi cal environmental effects is: mined 
reposi torylvery deep hole, subseabedlislmd, space. 

6.2.4.3 Status of Development : . 

Availability of Technology for Construction of System 

There are considerable diffeiences among the concepts with respect to the &glneering 
development needed for implementation. Construction for the mined repository and is1 and 
repository options would use well-tested existing technology, a1 though - for novel applica- 
tions. The waste treatment technology required to support the mined repository concept Is 
also well advanced, having been the focus of substantial development. Less is understood 



relative to waste treatment and packaging requirements for an island mined repository, and 
considerable developnent activity might be required if the waste form and package concepts 
developed for mined repositories proved unsuitable for the is1 and repository environment. 
The island concept would also require development of ocean transport and re1 ated transship- 
ment facilities. Developnent of this equipnent, however, is not viewed as particularly dif- 
f icult ,  but largely an extension of existing technology. 

I 

The technology and methodology far  siting geologic and subseabed repositories are 
developed to the point that they may be fmplemented. space i s  unique i n  that the final 
location for disposition i s  not severely restricted by terrestrial concerns. 0th& options 
are poorly developed w i t h  respect to siting technology. 

Implementation of the subseabed option, i n  addition to requiring development of the 
transshipment and ocean transport technology, would also require development of emplacement 
and emplacement monitoring technology, suitable waste form and packaging for the subseabed 
environment, and recovery technology 4or empl aced waste packages. 

Space disposal would require development of a number of supportive technologies. Some 
(e.g., the space shuttle) are currently under development f ~ r  other purposes and much of 
the remaining hardware represents extensian of existing technology. 

The very deep hole concept would require a signlf {cant extension of existing technology 
if the 10,000-m depth i s  required. Of the techniques available for making deep holes only 
rotary d r i l l i  ng has  been used to develop wells to depths approaching those envisioned for 
very deep holes. Rotary drilling has been used for d r i l l i n g  to depths of about 9,000 m at 
bottom diameters of 6 4 2  inches--both shallower and of less diameter than postulated for 
the reference very deep hole concept. Deeper holes of 1 arger diameter are thought possible 
but  have not been demonstrated. I t  is quite possible that 10,000-meter holes will not be 
required by the concept. Other current limitations include casing to required depths and 
tensile strength of wire rope. In  addition to technolo& related to making the very deep 
hole, development of a suitable waste form and packaging i s  required. 

Availability of Technology for Adequate Performance Assessment; 

A l l  of the alternative options appear to require further development of performance 
assessment and integrated safety and re1 i abil i ty  analysis; however, the extent of such 
developnent is likely to be far  greater w i t h  those concepts which have not received substan- 
t i a l  attention, especially very deep hole, island mined repbsitor9, and space disposal. 
Fewer performance uncertainties appear t o  be associated w i t h  the subseabed concept; consid- 
erable research i s  underway on the deep ocean environment and the sediments are a taomoge- 
neous and probably fa i r ly  predictable envi roment. Fewest uncertainties appear to be asso- 
ciated wi th  the mined repository concept 1 argely because of the greater amount of research 
that has been accd~l ished on t h i s  concept. 

The following order of decreasing* preference i s  suggested re1 ative to  the currant . 

status of development of the concepts: mined repository; subseabedfisland mined repository; 
space/very deep hole. 



6.2.4.4 Conformance w i t h  Federal Law and International Agreements - 

The mined repository and very deep hole concepts could be developed without apparent 
conflict w i t h  Federal law or international agreements. A conflict may arise for the island 
disposal concept depending upon the island location. I t  would appear appropriate that the 
island be a possession of the U.S. Transport of large quantities of waste over interna- 
tional waters has the potential of generating adverse response. 

Potential conflict of the subseabed disposal w i t h  existing law has been examined i n  
some detail. The dumping of high-level radioactive waste i s  prohibited by the U.S. Marine 
Protection, Research and Sanctuaries Act of 1972, and therefore, would require Congres- 
sional action for implementation. The London convention of 1972, a multinational treaty on 
ocean disposal, addresses the dumping of contact-handled TRU and non-TRU waste. Dumping of 
high-level waste i s  prohibited; however the treaty's prohibition against dumping arguably 
does not extend to controlled emplacement of high-level waste into submarine geologic 
formations. EPA interprets the treaty as making subseabed disposal illegal. 

Certain aspects of space disposal are addressed by existing treaties. The 1967 "Treaty 
on Principles Governing the Activities of States i n  the Exploration and Use of Outer Space 
Including the Moon and Other Celestial Bodiesw prohibits waste disposal on the moon but  does 
not rule out waste disposal i n  heliocentric orbit. Nations may object to  the space disposal 
option because the waste would travel over their territory before being propelled fran earth 
orbit .  The 1972 uConvention on International Liability for Damage Caused by Space Objectsn 
defines the responsibility for objects f a1 ling t o  earth on other countries. Consideration 
of such l iabi l i ty  would be required. 

In sumnary, the decreasing order of preference emerging from consideration of possible 
legal constraints on implementati on of the five concepts is: mined reposi torylvery deep 
hole; island; space; subseabed. 

6.2.4.5 Independence from Future Development of the Nuclear Industry 

Of the five concepts under &parison, space disposal appears to be most sensitive t o  
the future development of the nuclear industry since .it i s  considered that a substantial 
nuclear capacity will be required to justify the required investment (Section 6.2.3). 

6.2.4.6 Cost of Development and Operation 

Preliminary estimates of the cost of construction and operation for the mined reposi- 
tory, very deep hole and subseabed concepts appear i n  Section 6.1. These have been cm- 
piled and converted t o  u n i t  costs (ni1lslkWh) i n  Table 6.2.7. Cost estimates for the 
island mined repository and the space disposal concept were insufficiently complete to per- 
m i t  reduction to a u n i t  basis. 

O f  the available unit cost estimates, the wry deep hole concept appears to be the most 
expensive wi th  estimated costs of 3.0 mills per kilowatt-hour (1980 dollars), not a signifl- 
cant proportion of typical current new construction power costs (30 to  50 mills/kWh). 
Because these cost estimates are very preliminary and because even the most costly option - 



TABLE 6.2.7. Estimated costs of Various Disposal Options (1980 dol lars)  

Research and 
Developnent Repository Costs 

Cost Pre-Disposal Cost, $/kqH# .Fonstruction, 
"i;E;;l;?::b.c) 

Operating, Decmissioning, nce- Repro- 
$ m i  11 ions h e - ~ h r o u g h  Reprocessincl $ m i  11 ions $ m i  1 lions/year $ mi1 1 ions T!rough cessing 

Hi ned Rc!posi tory, 6,000 HTHMIyr 3,700 100 170 2,600 87 25 0.7 i1.0 

Very Deep Hole, 5,000 l4TlWyr 900 100 170 2,800 2,100 40 2.5 3.0 ( d) 

Island 

Subseabed, 5,000 WTWyr NA 150 190 

Space, per f l i g h t  

Research and Oevelopi~ent costs. 
decora~issloning costs amortized over 17 years 8 7%. 
rate i s  38 WGW-year. 

Does not Include 
Construction and 
k S t e  productfoil 
Includes 0.2 m i l l s  per kWh fo r  ancillary repository. 

e l  NA = nut available. 
f $ mi l l lon  per f l ight .  - 

L 



appears not to significantly impact the cost of electrical power, a cost comparison should 
not currently be assigned significant weight i n  this analysis. I t  should be noted that the 
cost estim-ates for all concepts essentially assume that no currently unanticipated questions 
will arise, which i s  probably an unlikely assumption. 

6.2.4.7 Potential for Corrective or Mitigating Acti on 

Prior to. closure and sealing of access tunnels and shafts, mined repositories (includ- 
ing those utilized i n  the island disposal concept) would allow failure detection and permit 
retrieval of waste canisters. This system allows flexibil i ty to future generatjons as to 
how long they might choose to leave the facil i t ies open to inspection. Following closure, 
failure detection would be more difficult, a1 though remote instrumentation could be 
installed for this purpose. Corrective actfon would be difficult (though possible) as the 
location of the waste would be known and access tunnels could be reopened. Detection of 
repository failure exemplified by unexpected concentrations of radionuclides could allow the 
mitigating actions of restriction of access to contaminated aquifers and other measures 
including evacuation of affected areas. 

Complete corrective action capability for the island mined repository concept vould 
require development of systems for locating and retrieving casks lost a t  sea i n  the case of 
the sinking of a transfer ship. A similar system would be required for the subseabed con- 
cept. Transponder devices would be f i t ted to the casks while enroute, and location and 
retrieval of an individual cask from the seaflwr is considered feasible using existing . 
equipnent. However, loss of a s h i p  w j t h  waste w i t h i n  the hull would severely canplicate 
retrieval operations . Retrieval of empl aced canisters i s  consi dered t o  be feasible using . 
existing overcoring technology, although retrieval of a large number of canisters wuld 
likely be very expensive. 

L 
F u l l  corrective action capability for space disposal would require a deep-ocean payload 

retrieval system if system failure released radionuclides to the atmosphere. No corrective 
action uould be possible. If failure of the space disposal system Here to occur after 
achieving orbit, backup launch and orbit transfer vehicles, and some means for correction 
of improper o r b i t  would be required. Each of these i s  under consideration as part of the 
space dispos a1 concept, and if successful 1 y developed (a1 ong with appropriate monitoring 
systems), would provide corrective action capability for nost situations. 

Corrective action w i t h  the very deep hole concept is thought possible only whlle the 
package i s  attached to the emplacement cable. 

In sumnary, mined repositories appear t o  offer the greatest potenti a1 for correcttve 
actfon. Subseabed appears 'also to provide reasonable potenti a1 for corrective action w i t h  
the principal problem being retrieval of waste from a transport ship lost at sea. Island 
mined repositories present the combined difficulties and assets of the subseabed and mined 
repository concepts. Full corrective action potential appears to be=hievable w i t h  space 
disposal for i l l  situations except fallure of the waste packaging system during launch or 
pre-orbital operations. Corrective action is thought not to be possible with the very deep 



hole concept following package disengagement. The f 01 1 wing order of decreasing preference 
relative to corrective action i s  thus suggested: mined repository; is1 and mined reposi- 
tory; subseabed; space/very deep hole. 

6.2.4.8 Lonq-Term Maintenance and Surveil 1 ance Requirements 

None of the five concepts being considered here appear to require significant mainte- 
nance and surveil 1 ance activities during the post-operational period. 

6.2.4.9 Resource Consumption 

Prel irninary estimates of selected critical resources for mined repusitory, very deep 
hole, subseabed and space disposal are provided i n T able 6.2.8. ~ecause of the very pret im- 
inary state of development of most concepts as reflected in the apparent inconsistencies 
among the estfmates of 1 able 6.2.8, comparisons on the basis of these estimates would not 
be meaningful. 

6.2.4.10 Equity of Risk 

None of the concepts appear to have significant differences in t h i s  respect. Subsea- 
bed, ice sheet, island, and space disposal have the positive feature that no one must live 
in close proximity to the final disposal location. This creates the init ial  impression that 
the impact and risk are fa r  less for those alternatives t h a n  for mined repositories. HOW 
ever a situation is  established wherein the process of transportation of wastes is channeled 
through one location. A judgement of the equity of risk and impact resulting from the focus 
of transportation versus the focus of disposal is yet to be established. 

6.2.5 Concl usiom 

Results of the comparisons on the assessment factors are depicted i n  Table 6.2.9 which 
shows the preference rankings of the five concepts (mined repository, very deep hole, sub- 
seabed, island repository, and space) on each of the assessment factors for which discrimi- 
nation was found among the concepts. For each factor, the rankings of the five waste man- 
agement concepts are plotted along a preference continuum, ranging from "most preferred* at 
the extreme l e f t  to  "least preferredN at the extreme r igh t .  Concepts are clustered where 
no differences were observed. 

6.2.5.1 Mined Repository 

Examination of Table 6.2.9 supports selection of the mined repository concept as the 
waste disposal concept for preferred development .' This concept i s  a Ynost pref erredn con- 
cept on six of the seven comparisons of Table 6.2.9, ranking second on one consideration, 
URadiological Effects During the Post-Operational Period.I1 
isolation provided by space disposal results i n  the lat ter  
tortes. An overall evaluation of the Radioloclical Effects 

Here, the apparent length of 
being preferred to  mined reposi- 
attribute, however, might place 



TABLE 6.2.8. Estimated Resource Cmltments for Various Repdtories 

Water, m 1,300,OM) 199 ,999,,99 -- 60,000,000 
Natural Gas or 

Propane, m 11,500 10,00O,OOO 10,900,000 10,000,Obo 
Electricity, kWh 3,4dO,bOo,bM) 56,000,00b,OOo ~ , O O O ~ ~ ~ , o W ,  59,aOa,oaO,OOO 
P*rO1apiwd Fua 1, 

5,300 ,000 6,000,000 5,100,000 1,500,000 . 
Other Fuel, HT -- -- -- 4,m,m 

construction scenarios of  Tables 5.4.2 and 5.4.3 added to  operational 

scenario indicated of  Section 6.1. 
repository has simllar cml$nents. 



TABLE 6.2.9. Summary o f  Preference Rankings 

West PrePerred Least Preferred 

Radiological Effects 
Operational Period (M) . . . . . . .  (VDH) . . . . . . .  (IMR) . . . . . . .  (SS) . . . . . . . .  (S) 
Post-Operatl onal Per1 od (S) . . . . . . . .  (FIR) . . . . . . .  (VDH) . . . . . . .  (SS) . . . . . . .  (IM) 

Non-Radiological Environmental Effects (MR, VDH).  . . . . . . . . . . . .  (SS, IM).  . . . . . . . . . . . . . . . .  (S) 

Status .of Development (MR) . . . . . . . . . . . . . . . .  (SS, IM) . . . . . . . . . . . . . .  .(S, VDH) 

w 
Conformance with Law (HR, VDH) . . . . . . . .  (IW) . . . . . . . . . .  (S) . . . . . . . . . . . .  (SS) a Q( 

Independence frwn Future Development 
o f  the Nuclear Industry (Wi ,VD# , IMR,SS)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (S) 

Potential for Corrective or Mitigat- 
ing Action (MI) . . . . . . . . . . .  (IMR) . . . . . . . . . .  (SS) . . . . . . . . .  (S, UDH) 

i 

KEY: #R =MinedRepository 
VDH - Very Deep Hole 
I W  * Island Mlned Repository 

SS = Subseabed 
S = Space. 
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space disposal i n  an intemedi ate position below mined repositories because of the low rank- 
i n g  of space disposal on the basis of radiological effects during the operational period. 

6,2.5.2 Subseabed 

No clear preference emerges between the subseabed disposal concept and the island mined 
repository concept. However, because of significant uncertainties regarding the long-term 
radiological integrity provided by is1 and geologic and hydrologic systems, subseabed appears 
to be superior to the island mined repository concept for continued development as an alter- 
native to mined repository waste disposal. An additional advantage may be provided by 
subseabed's unique characteristics as a genuine conceptual a1 ternative to mined repositories 
i n  comparison w i t h  island disposal, which is basically a variant (wi th  additional uncer-' 
tainties) of the mined repositwy concept. Uncertainties remain to be resolved concerning 
the long-term integrity of the emplacement media; development of transportation, emplacement 
and monitoring technology; resoluti on of potenti a1 internati onal conflicts; and development 
of corrective action capabil {ties. Research will still be required, especially wi th  the 
objective of resolving the waste isolation potential of t h e  subseabed sediment. Should t h i s  
capability be demkstrated conclusi vel y, engineering development of the syste. could 
proceed. 

6.2.5.3 Very Deep Hole 

Although no$ possessing any clearly defined advantages over the  mined repository con- 
cept on the basis of currently available evidence, the very deep hole concept ranks gener- 
al ly high on most of the assessment properties. Very deep hole offers potential for a high 
degree of geologic barrier performance i n  the post-operaMona1 period and same possibility 
of superior working conditions compared to mined repositories. A key issue is the value of  
manned in-s i tu  examination of the actual placement location to understand the condition and 
environment into which t h e  waste package is to be placed. Significant problems remain how- 
ever, including the need for substantial developnent of d r i l l i ng  technology, improved under- 
standing of the geologic environment at very deep hole depths, and analytical verif lcation 
of the postoperational integrity of very deep hole repositories and performance of  packages 
at the requisite temperature and pressure. Since deep hole technology is being developed 
for other reasons (e.g,, for  geopressured methane and for geothermal purposes) it is likely 
that increased information wit 1 be avail able regarding these uncertainties. An additional 
problem is the difficulty of providing adequate corrective action capability, Thus, the 
very deep hole concept, though having potentially superior characteristics to other alterna- 
tives, is a1 so characterized by greater uncertainties, For these reasons, although con- 
tinued development of the very deep hole concept as a long-term alternative t o  mined 
repositories is recomnended, the priority of development is considered to be secondary t o  
the subseabed concept. The considerations of potenti a1 problems ui t h  corrective action &I$ 

the relatively unadvanced status of technology weigh heavily i n  this d&ision. 
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. 
6.2.5.4 Space Disposal 

The principai argument for space disposal i s  its promise for extraterrestrial disposal 
of selected radioisotopes; but substantial reservations exist concerning this concept. 
These include the potenti a1 radiological risk of the concept during the operational period, 
non-radiological health effects, potenti a1 conflicts with international 1 a, and the diffi- 
cut ty  of developing acceptable corrective action capabilities . Because of these conditions, 
priority development of space disposal as an alternative to mined repositories would appear 
to  be unwise. 

6.2.5.5 Island Disposal 

The island disposal concept appears to present few advantages over the subseabed a n -  
cept or the mined repository and is characterized by significant uncertainties regarding 
its pdtentlal for long-term isolation of waste. The principal potential advantage of island 
disposal is sociopo1itical--it offek the possibility of a repository site remote from habi- 
tation and, thus,  possibly of greater acceptability to the genera1 public. Furthermore, the 
potential for international cooperation i n  establishing a repository at a *neutralm site 
might be presented by an island. Subseabed, however, offers the s h e  advantages; thus the 
island concept would have merit only if the sociopolitical advantages were seen to be highly 
Important, an appropriate island were available, and if the subseabed concept proved not to 
be technically acceptable. Because of these considerations, and because of great uncer- 
tainties regarding the waste isolation potential of island geology, development of this con- 
cept is not recomnended. 
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CHAPTER 7 

SYSTEM IMPACTS' OF PROGRAM ALTERNATIVES 

To assess and compare the impacts of implementing the three program alternatives 
addressed i n  this Statement (see Section 3.1), an analysis was made using a computer simula- 
tion of the complete waste management system functioning over the lifetime of a nuclear 
power system. This  analysis considers the treatment and disposal of a l l  post-fission high- 
level(a) and TRU wastes (including decomnissloning wastes), as well as gaseous and air- 
borne wastes. All waste management functions are accounted for and a l l  radioactive waste 
streams are tracked each year frm origin through treatment, storage, transport and accumu- 
lation i n  a disposal repository. Both the example once-through cylcle and the example repro- 
cessing cycle described i n  Section 3.2 and Chapter 4 are analyzed. 

7.1 BASIS FOR SYSTEM SIMULATION 

To cover the range of- potential impacts of  program implementation, f ive dffferent 
nuclear power growth cases a 4  considered. In a l l  cases, the nuclear capacity is assumed 
to consist of one-third BWRs and two-thirds PWRs. These cases were described i n  Sec- 
tion 3.2 and can be sumnarfzed as follows. 

Case l--Present Inventorx. In t h i s  case, we consider only the amount of spent fuel 
estimated t o  be on hand, including in-core fuel, a t  the end of 1980; this is approximately ' 

10,000 rnM. 
Case 2-Present Capacity. In this case, we consider the amount of spent fuel that 

would result from continued operation of the present 50 Me of nuclear capacity over its 
expected normal l i f e  cycle to  retirement after 40 years operation. 

Case 3-250 6We i n  Year 2000. In this case, nuclear power capacity grows t o  250 6We i n  
the year 2000. All nuclear pmer plants operate for an expected normal l i f e  cycle of 
40 years, and the last plant shuts down i n  2040. I t  i s  intended to  assess the waste manage- 
ment impacts over the complete l i f e  cycle of a nuc tear generating system. 

Case 4 - 4 0  6GIe Steady State. This case follows the same growth curve, to  250 We in 
the year 2000, bu t  then replaces retired capacity to  maintain the 250 We capacity to the 
year 2040 when ,the case terminates. 

Case 5--500 We i n  Year 2040. In this case, we assume the same 250 6We growth by the 
year 2000 as i n  Case.3 but continue cap'acity additions to  500 6GIe i n  the year 2040 when the  
case termi nates. 

The ruc lk r  capacities f a  these cares are shm i n  Table 3.2.1 and Figure 3.2.3. The 
total electric energy generated i n  these five cases is shown i n  Table 7.1.1. Although power 
generation terminates i n  the year 2040 i n  a l l  cases, waste management operations and decm- 
missioning activities are continued until a l l  wastes are emplaced indisposal faci l i t ies.  
In a l l  cases, this i s  accomplished by the-year 2075. The system simulatfon encompasses a 

(a) High-level waste i n  this context includes spent fuel in the once-through cycle. 



TABLE 7.1.1 Electric Energy Generated i n  
Mucl ear Power Growth Scenarios' 

- Me-Yr Case 
1 200 
2 1,300 
3 6,400 
4 8,700 
5 12,100 

period from 1980 to  2075. In addition, the radioactivity inventory in the final reposi- 
tories is followed over a million-year period. T h i s  provides an accurate representation of 
the radioactivity source term for hazard analysis. fldwever, because of the very large 
uncertainties associated w i t h  long-term predictions of  events that might result i n  some 
future radiological hazard, it is not considered useful to  attempt predictions of radiologi- 
cal consequences for  periods beyond about 10,000 years. 

The objectiie of the system simulation was t o  identify the cumulative impacts of imple- 
menting the proposed program and to compare the range of impacts that would result from 
implementation of the proposed program, w i t h  those that could result from implementation of 
the a1 ternative program or the no-action a1 ternative. The three program a1 ternatives were 
described i n  Section 3.1 and can be summarized as follows. 

Proposed Program. The research and development program for waste management will 
emphasize use of mined repositories i n  geologic formations capable of accepting 
radioactive wastes frcan either the once-through or reprocessing cycles. Thfs  
program will be carried forward to  identify specific locations for the wnstruc- 
ti on of mined repositories. 

Alternative Proqram. The research and development program would emphasi ze the 
parallel development of several disposal technologies. This action implies an R&Q 
program to bring the knowledge regarding two or three dfsposal concepts and their 
development status t o  an approximately equal level. A t  some later  point, a pre- 
ferred technology would be selected for construction of fac i l i t ies  for radiologi- 
cal waste disposal. 

No-Action Alternative. This  alternative would el iminate or significantly reduce 
the Department of Energy's research and development programs for radioactive waste 
disposal. 1 '  Under this a1 ternative, existing spent fuel would be l e f t  indefinitely 
where it is currently stored and any additional spent fuel discharged from future 
operation of comnercial nuclear power plants would 1 ikewise be stored indefinitely 
i n  water basin fac i l i t ies  either at the reactors or at  independent Sites. 

The proposed program represents adoption of the! interim planning strategy referred t o  
in the President's statement of February 12, 1980, announcing a compr-ehensive radioactive 
waste management program for this nation. The President stated in part, "1 am adopting an 
interim pl mning strategy focused on the use of mined geologic repositories capable of 
accepting both waste from reprocessing and unreprocessed comnercial spent fuel .I1 Final 
I 



adoption of this strategy was to be subjec t  to "a full  environmental review under the Nat- 
ional Environmental Policy Actn which this Statement satisfies. The President further 
stated, We should be ready to select the s i t e  for the f i r s t  full-scale repository by about 
1985 and have it operational by the mid-1990s .' Subsequent to the Pres f dent's statement 
the Department of Energy published (on April 15, 1980) a Statement of Position on a proposed 
HRC rulemaking on storage and disposal of nuclear waste (DOE/NE-0007). DOE states i n  that 
document that implementation of the interim waste disposal strategy w i l l  result i n  the 
establishment of operating geologic repositories wi th in  the tine range of 1997 t o  2006. An 
exact date of operation, depending on a number of variables, w i l l  be determined by the out- 
come of existing programs. For example, if a s i t e  i n  bedded or domed sa l t  ,is selected and 
licensing schedules recently forecast by the NRC staff are assmed, reposi tory operation as 
early at 1997 could be achieved. However if a hard rock such as granite is selected, and 
if allowances are made for other uncertainties such as licensing proceeding delays and a 
requirement for more rigorous subsurface s i t e  characterization prior to s i t e  selection, 
ini t ial  repository operation could be as late as 2006. To cover additional contfngencies 
such as an accelerated effort to open a repository or, a t  the other extreme, additional 
delays far  reasons not yet foreseen, a range of repository startup dates from 1990 to 2010 
i s  us& here. The range of impacts i s  important in this simulation rather than the specific 
dates of repository startup. 

Implementation of the a1 ternative program uould result i n  extending the time t o  opera- 
tion of the f i r s t  disposal system. T h i s  action implies a further period of research and 
development t o  bring the development status of the selected disposal alternatives to an 
approximately equal status w i t h  current knowledge regarding geologic disposal. A t  that 
time, a preferred technology would be selected and effort would be concentrated on develop 
ing this preferred technology w i t h  a program similar t o  the currently planned program for 
implementing geologic disposal. Thus a substantial time delay is inherent in t h i s  
a1 ternative. 

In t h i s  system simulation, mined geologic repositories are used to represent the dispo- 
sal method ultimately selected under the alternative program. This concept is the only one 
developed sufficiently to model impacts and costs reasonably well, and any alternative dis- 
posal concept that might be selected would only be selected if it d id  not have significantly 
greater impacts or costs. The primary effect of the a1 ternative program implementation is 
the required interim storage for spent fuel or reprocessing wastes, the additional transpor- 
tation to  and from this storage and the impacts and costs for these operations. Benefits 
of the delay inherent i n  this alternative program include the processing and disposal of 
older and t h u s  less radioactive and cooler wastes. Implementation of this alternative pro- 
gram i s  simulated by a range of repository startup dates from 2010 to 2030. 

For the no-action alternative, indefinite storage of spent fuel i n  water basin facil i-  
ties w i t h  no ultimate disposal has been assumed. I t  i s  also assumed that reprocessing would 
not be undertaken.' Only the f i r s t  three nuclear growth cases are wnsiaered because, wi th -  
out disposal, growth of nuclear parer generation beyond the year 20Ob does not appear 
credible. 



The nuclear power growth cases and repository startup dates consfdered f o r  the once- 
through cycle system simulation-are shown in Table 7.1.2. A range of repository startup 
dates was used for  the f i r s t  three cases, that  is, 1990 t o  2010 representfng the proposed 
program and 2010 to 2030 representing the alternative program. The 2010 startup provides 
both the l a s t  year of the range under the proposed program and the f i r s t  year of the range 
under the alternative program. To simplify the analysis, only a single mid-range repository 
startup date, year ZOOQ representfng the proposed program and 2020 representfng the alterna- 
t i ve  program, was used for Cases 4 and 5. However, the  same potential range as in  the  other 
cases should be inferred. 

The nuclear power growth cases and reprocess ing and repository startup dates consf dered 
for the reprocessing system simulation are show in Table 7.1.3. Cases 1 and 2 were elimi- 
nated from consideration here because reprocessing was not considered t o  be credible under 

, 

TABLE 7.1.2. Repository Startup Dates Considered f n the Once-Through-Cycle 
System Mmul atfons 

No-Act f on 
Nuclear Power Growth Cases Proposed Program A1 ternatf ve Program Alternat i ve 

1. Present Inventory Only 1990 to 2 0 1 0 ( ~ ~  2010(~) to  2030 None 
2. Present Capwlty Normal 1990 to 2010(~) 2010(~)  t o  2030 None 

Life 
3. 250 We System by Year 2000 1990 to 2010(~)  2010(") to  2030 None 

and Normal Life 
4. 250 We System by Year 2000 2000 2020 ow 

and Steady State 
5. 500 GWe System by Year 2040 2000 2020 -- 

(a) These cases are identical under both the proposed and alternatfve programs. 

TABLE 7.1.3. Reprocessing and Weposi tory Startup Date Combi nations 
Considered in the  Reprocessfng-Cycle System Simulations 

Proposed Proqrarn A1 ternat i  ve Prowam 
Nuclear Power Growth Cases Reprocessing Repository Reprocessin e osi tor  

3. 250 We System by Year 2000 1990 1990 
and Normal Life 1990 

1 9 0  ' *= 
2010 

2010 2010 1990 2 0 3  
2010 2030 ' 

4. 250 We System by Year 2000 . 2000 2000 2000 2020 
and Steady State  

5. 500 We System by Year 2040 2000 2000 2000 2020 

(a) These cases are identical under both the proposed and alternative programs. 



these low-growth conditions. The reprocessing cases are canplicated by the added uncer- 
tainty for reprocessing startup. For Case 3, reprocessing startup i n  the time period 1990 
to 2010 was considered i n  combination w i t h  repository startup dates of 1990 to 2010 for the 
proposed program and repository startup dates of 2010 to 2030 for the alternative program. 
As i n  the once-through cycle cases, the 2010 repository stakup provides both the last year 
of the range under the proposed program and the f i r s t  year of the range under the alterna- 
tive program. To simplify the analysis, only mid-range dates were considered for Cases 4 
and 5, that is, reprocessing startup i n  year 2000 i n  combination w i t h  repository startup i n  
year 2000 representing the proposed program and i n  year 2020 representing the alternative 
program. However, the same potential range as in Case 3 should be inferred. 

In selecting reprocessing startup dates, it was assumed that even if the current nora- 
torim on reprocessing were lifted imnediately, a t  least 10 years would be required to 
canplete the construction, licensing, and startup of a reprocessing facility. Since a con- 
siderably longer time period cwld conceivably be required before reprocessing could be i n i -  
tiated, the 2010 startup date was selected to illustrate the effect of reprocessing after a 
longer period of delay. The impcrtant factor here is not the reprocessing dates themselves, 
but  the effect that a range of reprocessing startup dates has on waste management impacts. 



7.2 METHOD OF ANALYSIS FOR SYSW IMPACTS 

The information f l o w  i n  the computer simulation used for th is  analysis i s  presented i n  
Figure 7.2.1. The f i r s t  two modules o f  t h i s  computer model (l.e., ORIGEN and ENFORM) were 
adaptations o f  exist ing programs (Bell 1973, Heeb e t  al. 1979), while the last  two modules 
were developed speci f ica l ly  for  t h i s  sfmulation. 

The computer code QIGEN (Bell 1973) was used t o  def lne  spent f ue l  composition. The 
ORIGEN code calculates the average composition of the speqt f ue l  discharged from a nuclear 
reactor based on a set o f  input parameters that characterize the i r r a d l  ation condit Ions. 
The set o f  input parameters (i.e., neutron cross sections and spectral indices) used had 
been calibrated t o  match resul ts  o f  empirically measured spent fuel compositions. Isotopic 
data were calculated for 175 nuclides, including a l l  s igni f icant  f isslon products, activa- 
t i on  products and actinides. 

Twenty-eight ORIGEN cases representing both PWR and BUR fue l  i r radiat ions were used to  
describe the spent fuel compositions far a l l  of the fuel cycle alternatives. These cases 
(see 00E/n-0028, Sec. 10.1) include separate cases for each enrichment zone o f  the i n i t i a l  

I 

corer, a f i r s t  reload and equi l i b r i un  reload fuel batch and three recycle fuel  batches for  
both uranium and plutonitib recycle. I n  addition, the low exposure fuel  batches remaining 
when a plant i s  shut dom for  decomnissioning are described. Whether recycling i s  used or 
not, a l l  plants s t a r t  up and shut down without recycle fuel i n  the core. Recycle o f  both 
uranim and plutonium i s  l imi ted to equilibrium fuel reloads, and the amount o f  ei ther 
recycle fuel  i n  any year i s  l imited to 50% of the equil ibrium reload fuel. 

FIGURE 7.2.1. System Simulation Information Floor 



By combining the ORIGEN to  match the annual operating status of all .plants i n  the sys- 
tem and the amount of uranium and plutonium available for recycle, the spent fuel composi- 
tion w i t h  or without recycle in any year can be determined. This method of using a 
re1 ati vely small number of fuel irradiation (burnup) calculations to characterize a large 
number of spent fuel combinations provides an efficient and reasonably accurate representa- 
tion of spent fuel compositions each year for the entire system. 

The number of recycles for both uranium and plutonium was limited to three. The amount 
of third-recycle uranium and plutonium is small and the accumulation of  2 4 2 ~ u  i n  the third- 
recycle plutonium discharge reduces its value substantially. For these reasons and to sim- 
plify the calculation, the discharge from third-recycle fuel was discarded. In a real sys- 
tem whether or not the plutonium from the t h i r d  recycle muld be recycled would most likely 
be an economic decision. I t  could continue to be recycled and ultimately either be f is-  
sioned or transmuted t o  higher actinides and be discarded i n  the waste. 

The computer code ENFORM (Heeb e t  al. 1979) was used to develop fuel cycle logistics . 
and isotopic compositions of the fuel cycle streams. ENFORM was originally developed to 
evaluate environmental impacts of the entire nuclear fuel cycle. However, only i t s  fuel 
cycle logistics capabilities were used here t o  provide fuel cycle source data for the 
WTRAC module, which determined waste management logistics. 

ENFORM i n p u t  requirements include: 
a nuclear power growth projection 
a life-cycle operating schedule for the nuclear power plants 
recycle assumptions, i :e., once-through or recycle 
a fuel reprocessing schedule if recycle is selected 
inventory and timing assumptions for the entire fuel cycle 
spent fuel compositions as calculated by ORI6EN. 

The output of the logistics calculation i s  a year-by-year mass flow and fsotopic compo- 
sition for each operation i n  the fuel cycle. 

The computer code WTRAC, developed for this analysis, models the storage, treatment, 
packaging, shipment and disposal operations for each waste stream. Figure 7.2.2 illustrates 
the uaste management steps and the items calculated i n  a typical WASTRAC subsystem. Waste 
management steps can be added or deleted as required to model a specific subsystem. Each 
waste stream was tracked through a series of steps similar to that displayed in 
Figure 7.2.2. 

WTRAC computes waste volune and waste composition as a function of year, waste type 
and waste management step. The entire radionuclide content of the spent fuel is accounted 
for by allocating i t  either to a product stream, i .e,, uranium or plutonium in a riproces- 
sing case, or t o  one of the waste streams. Radionuclide inventories are corrected at each 
step for &cay or buildup durin$ the time interval since reactor discharge and/or reproces- 
sing. Radionuclide inventories are also calculated for times up to one-million years after 
placement i n  a final repository. 



ANNUAL PRIMARY WASTE QUANlTlES 
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PREPROCESSING WASTE 
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FIGURE 7.2.2. WASTRAC Calculations 

The output of WASTRAC provides the waste volume and the quantity of each isotope i n  

each waste stream a t  each step i n  the waste management system. Each treated waste stream 
i s  classif ied by container type and by the surface dose class for the treated TRU waste con- 

tainers. Specif ical ly waste streams are classif ied as high-level waste, remotely handled TRU 
(RH-TRU) waste (container surface-dose-rate equal or greater than 200 mrem/hr) or contact- 
handled TRU (CHTTRU) waste (container surf ace-dose-rate less than 200 mrem/hr). 

The f i n a l  step i n  the system simulation uses the time-dependent waste log is t i cs  data 

from WASTRAC to calculate the waste management impact and costs and to compile results i n  a 

series of tables. The canputer code IMPACT was developed t o  perform these functions. 

By u t i l i z i n g  release fractions for each isotope and each waste stream at each waste 
management step and dose factors per cur ie released, the isotopic releases and 70-year pop- 

ulat ion radiation doses fo r  each waste stream at each waste management step are calculated. 
Regional dose t o  whole body, bone, lungs, and thyroid and worldwide dose f o r  release o f  3 ~ ,  

14c, and are calculated. 

The IMPACT program organizes the resul ts  of the WASTRAC calculations, sums up annual 
and cumulative tota ls  a t  specif ied intervals and prepares a series o f  tables to display the - 

results. IMPACT also calculates both undiscounted and p r e s e n t - ~ r t h ( ~ )  costs as well as 

levelized(b) waste managment costs per uni t  of power produced and per un i t  o f  fue l  used. 

? ,  

(a) Present-wrth discounting i s  a method of allowing fo r  the time value of money. The pre- 
sent worth may be thought o f  as a present sum of money equivalent to  a specified future 
payment or receipt or t o  a series o f  future payments or receipts. The present worth o f  
a payment i s  obtained by mult iply ing the ayment by 1/(1 + i)n, where i equals the R interest rate or discount rate and n i s  t e number o f  years from the present t o  the time 

:r o f  the payment. The present w r t h  of a series of payment i s  obti ined by sunning each 
payment's present worth. 

(b) Levelizing refers t o  developing a single, constant u n i t  charge, which recovers an expen- 
d i ture associated with a fac i  l i t y  or system including in terest  (see Section 3.2.8.2). 



Four types of waste management costs are computed including treatment, interim waste 
storage, transportation, and repository costs. All costs are based on estimated u n i t  costs 
as described i n  Sections 4.9 and 5.6. The cost of high-level waste treatment ref l e t s  an 
adjustment of high-level waste volume per container as limited by the thermal criteria a t  
the geologic repository and the thermal energy of the waste a t  the time of emplacement. 

Flgure 7.2.3 schematically illustrates the relationship between the cash flow of the 
individual waste management system components and the discounting procedures. There are two 
similar but  distinctly different applications of discounting techniques used i n  the 
development of the equivalent electric power and fuel cost of waste management. First, a 
present-worth leveliring procedure is used to develop u n i t  costs, i.e., cost per u n i t  of 
spent fuel, for each waste management function. Second, a separate present-wath leveliring 
procedure is used to convert waste management costs to equivalent electric power and fuel 
costs. 

TOTAL WASTE 

CAPITAL t OPERATING $ 1 

FIGURE 7.2.3. Time a# Discount n R latio ships of 
Uaste anagement !uRtfons o! cost 

The lower row of boxes i n  Figure 7.2.3 illustrates the functions that contribute to the 
total waste management system costs. The additional detail under the treatment unit-costs 
box indicates the flow of dollars and materials that are factored into the development of 
u n i t  waste management costs. For aw single waste management function-all of the cash flows 
are present-worth discounted to 6 comnon starting point. The levelired u n i t  cost for that 
function is then calculated by the relationship: 



Stim of present-worth costs 
unit Cost = (S$ of present-worth throughpk) 

* 
The u n i t  cost developed by this procedure represents the single charge that can .be assessed 
for the waste management function over the l i fe  of the facility that will recover all upen- 
ditures plus a return (the discount rate) on any unrecovered investment during the l i fe  of 
the facility. The sum of all the separate waste management system u n i t  costs represents the 
total waste management system u n i t  cost. 

The accumulation of the waste management costs over a period of time following genera- 
tion of power is alto illustrated i n  Figure 7.2.3. I t  i s  a k n e d  that a l l  waste management 
costs, whether the services are provided by private industry or by the government, w i l l  be 
borne by the consumers of the electric energy generated by the nuclear power f a d  11 ty. 
Thus, the waste management costs will be reflected as an increase i n  cost of power. 

The equivalent power costs of waste management can be obtained by discwnti ng the costs 
of the individual waste management functions to the time of power generation, sming  them 
all afl  dividing by the kilowatt hours of electric energy produced &ring the irradiation of 
the fuel. In other words, money is  assumed to be collected f r o m  the rate payers to cover 
the cost o f  waste management at  the time the electricity is generated. The amount collected 
is some&at less, depending on the discount rate, than the costs of waste management w i l l  
be when i t  is actually incurred. This allows the uti l i ty  to earn a return on this money 
during this period so that a sufficient fund accumulates to pay for the waste management 
costs at the time they are incurred. A t  any interest rate (discount rate) greater than O X ,  
fewr dollars need be collected from the rate payers than w i l l  be required to pqy later 
waste management costs at the time they are incurred. The higher the uti l i ty discount rate, 
the lower the waste management costs became. 



7.3 SYSTEM LOGISTICS 

To develop the system logistics requirements, some assumptions were made regarding the 
characteristics of a future nuclear industry and its associated waste management systems. 
These assumptions are not intended to be predictions of the future; rather, they are 
intended to provide a basis for estimating a potential range of requirements over a broad 
range of possible future developnents. The results are valid primarily i n  terms of poten- 
t i a l  ranges of values. In general, the assumptions are intended t o  be conservative; that 
is, they err i n  a direction that tends to  overstate rather than understate potential 
requi m e n t s  and imp acts. 

The assumptions made i n  developing the logistics requirements for the once-through 
cycle #ere as follows. 

1. Spent fuel is stored for a minimm of five years a t  the reactor basins after,which 
it can be shipped to a repository i f  one is available. 

The maximum storage capacity a t  the reactor basins averages 7 annual dinharges. 
This is  based on the assumption that reactor basin capacity w i l l  be expanded, on 
the ,average, to provide capacity for a t  least 3 f u l l  cores. Retaining full-core 
discharge capability and considering 3 annual discharges per core for a PCSR and 
4 annual discharges per core for a BWR results i n  an average capacity for approxi- 
mately 7 annual discharges. This  assumption also results i n  away-from-reactar 
storage requirements that approximate the maximum requirements shown i n  a recent 
study hen currently licensed expansion plans of the electric u t i l i t i e s  are . 
assumed to be implemented and full-core reserve is maintained (00E/NE-0002 1980). 

3. After reactor storage basin capacity is filled, excess spent fuel is shipped to an 
away-f rom-reactor (AFR) independent spent-f ue1 storage f aci li ty. 

4. Wen a repository opens, spent fuel is sent to the repository on a first-in, 
f i r s t -w t  basis; that is, the oldest fuel is always sent to the repository f irst .  

5. Repository receiving capacity is expanded according to  the following schedule for 
the f i r s t  10 years: 

1 2 3 4 5 6 7 8 9 10 year - - - - - - - - - - 
Receiving 
Capacity, 
HTHM la, 1.300 2,000 2,000 2,000 2.700 3 . 3 ~  4,000 4,000 4 . m  

After 10 years 2,000 HTHM capacity increments can be added annually as needed to  
meet the demand. This capacity does not necessarily represent a single reposi- 
tory, but mqy represent several repositories that are opened up sequentially. 
However, single repositories wi th  receiving capability of a t  least 6,000 MTHM per - 

year are considered feasible. 

6. The distance frwn a reactor to  an AfR storage faci l i ty  is 1,000 miies. 

7. The distance from either a reactor or an AFR fac i l i ty  to a repository is 
1,500 miles. 



8. Spent-fuel from reactors is shipped 10% by truck and 90% by rai 1 (45% by a com- 
bination of truck and r a i l  using intermodal casks that can be transported by truck 
for  short distances to a r a i l  s iding where they are transferred to a rai l  car and 
45% by rail-only) while shipments from AFR f ac i l i t i e s  are 100% by rail .  

The assumptions made i n  developing the logistics requirements for the reprocessing 
cycle were as follows. 

1. A minimum storage period for  spent fuel a t  the reactor basin is one year and a t  
the reprocessing plant is one-half year. 

2. The maximum storage capacity a t  the reactor averages 7 annual discharges. 

3. Fuel that  cannot be stored a t  the reactor basins is shipped to AFR storage 
faci l i t ies .  

4. The reprocessing plant receives and processes spent fuel on a first-in, first-out 
basis; that is, the oldest fuel is processed first. 

5. Reprocessing capacity is expanded i n  a pattern similar t o  the repository receiving 
capacity except tha t  here each capacity increment is intended to represent a sepa- 
rate plant. Each plant has a 2,000 MTHM per year capacity and t h e  second and 
t h i r d  plants are restricted t o  startups a t  5-year intervals. Each plant has a 
two-year restricted-throughput startup period, i .e., 700 MMM i n  the f i r s t  year, 
1,300 MMM i n  the second year and 2,000 MMH/year thereafter. After 10 years, the 
interval between plant startups is restricted t o  a 3 year minimum. 

6. Solidified high-level waste is stored for  5 years a t  the reprocessing plant before 
shipment. TRU wastes can be shipped as they are packaged. 

7. If a repository i s  not available to receive the reprocessing plant wastes, storage 
is provided for  high-level waste and TRU wastes a t  a separate independent site.  

8. When the repository opens, it receives the wastes on the basis of the oldest waste 
f i r s t  a t  the same ra te  they are produced. After 10 years, the receiving rate  is 
accelerated as necessary to eliminate the storage backlog a t  the end of the 
30th year. 

9. When interim storage is required, al l  wastes flow through the storage f ac i l i t y  
u n t i l  the backlog is eliminated. T h i s  assures that the oldest waste is sent to 
the repository first. 

10. Shipping distances for  spent fuel t o  the  reprocessing plant or interim storage and 
from interim' storage to reprocessing are 1,000 miles. Treated waste shipmat dis- 
tances from reprocessing or MOX fuel fabrication plants to interim storage are . 

also 1,000 miles. 

11. Shipping distances from the reprocessing or MOX fuel fabrication plants or from - 
interim storage to a repository are 1,500 miles. 



7.3.1 Reposl t o r y  Inventory Accumulations 

The t o t a l  amount o f  spent fuel t o  be disposed of or reprocessed f o r  each o f  the f i v e  

growth assumptions i s  shown i n  Table 7.3.1. The re la t i ve  quantit ies of  spent fue l  here are 
approximately the amount that would resu l t  from the quantities o f  generated energy shown i n  

Table 7.1.1. The proportional relationship i s  not exact, however, because only i n  Cases 2 
and 3 do a l l  reactor plants complete t h e i r  f u l l  normal-life cycles. 

TABLE 7.3.1. Total Spent Fuel Disposal or Reprocessing Requirements 

Case - Nuclear Power Growth Assumption Spent Fuel Discharqed. MTttM 

1 Present Inventory Only 10,000 
2 Present Capacity and Normal L i f e  48,000 
3 250 6We System by Year 2000 and 

Normal L i f e  239,000 
4 250 6We System by Year 2000 and 

Steady State 
5 500 We System by Year 2040 

Only the once-through cycle i s  considered f o r  the f i r s t  two (low-growth) cases. The 
accumulation o f  spent f ue l  i n  the f i n a l  repositories f o r  these two cases i s  plot ted i n  Fig- 
ure 7.3.1 f o r  each o f  the three repository startup dates. The region between the f i r s t  two 
curves represents the range o f  Inventory accmulat ims possible for the proposed program 
uh i l e  the region between the second and t h i r d  curve'represents the range of  inventory 
accumulations f o r  the alternative program. 

The repository inventory accumulation f o r  Case 3 using the once-through cycle i s  shown 

i n  Figure 7.3.2. With the reprocessing cycle, however, the repository inventory accumula- 
t i on  i s  a function o f  both the reprocessfng throughput and the repository startup and 

FIGURE 7.3.1. Repository Inventory Accumulations f o r  Cases 1 and 2. 
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FIGURE 7.3.2. Repository Inventory Accumulation f oi. the Once-Through 
Cycle i n  Case 3 

receiving rates. The cumulative fuel reprocessed i n  Case 3 for the two reprocessing startup 
dates considered i s  show i n  Figure 7.3.3. The repository acctlmulations o f  high-level 
wastes are plotted i n  Figure 7.3.4. Because of the five-year holdup o f  high-level waste a t  
the reprocessing plant and because of the differences between the reprocessing rates and the 
repository receiving capacity, the high-level waste inventory accumulation i n  the 
2010 repository i s  sensit ive to  the.reprocessing date. For these reasons the region o f  
inventory accumulation representing the proposed program and the region representing the 
alternative program overlap. The accumulation for the 2010 reprocessing startup and a 
201@ repository startup forms the upper bound for the proposed program region while the 
accumulation f o r  the 1990 reprocessing startup and a 2010 repository startup forms the lower 
bound for the alternative program region. 

For Cases 4 and 5, only mid-range dates were used fo r  reprocessing and repository 
startup dates. The repository inventory accumulation with the once-through cycle f o r  
Cases 4 and 5 are shown i n  Figure 7.3.5. The cumulative amounts o f  f ue l  reprocessed for 
Cases 4 and 5 are shown i n  Figure 7.3.6 while the repository accumulations o f  high-level 
waste are shown i n  Figure 7.3.7. 

The t o t a l  number o f  spent fuel canisters (see Section 4.3.1 for canister descriptions) 
sent to disposal with the once-through cycle i s  shown i n  Table 7.3.1a. Since the t o t a l  
quantity of spent fuel  i n  a given case i s  the same f o r  ei ther the proposed o r  the 

' 



FIGURE 7.3.3. Cumulative Fuel Reprocessed for Case 3 
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FIGURE 7.3.4. Repository High-Level Waste Inventory Accumulation for 
Case 3 with Reprocessing 
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FIGURE 7.3.5. Repository Inventory Accumulation f o r  The Once-Through 
Cycle i n  Cases 4 and 5 
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FIGURE 7.3.6. Cumulative Fuel Reprocessed f OP Cases 4 and 5 



FIGURE 7.3.7. Repository High-Level Waste Inventory Accumulation for 
Cases 4 and 5 with Reprocessfng 

TABLE 7.3.la. Number of Spent Fuel Canisters Sent to Disposal in the Once-Through Cycle , 

Thousands of Containers 
Proposed Program A1 ternative Program 

Nuclear Power (Geologic Disposal (Disposal Starting No-Action 
Case - Growth Assumption Startins 1990 - 2010) 2010 - 2030) Alternative 

Present Inventory 
Only 
Present Capacity and 
Normal Life 
250 GWe System by 
Year 2000 and Nor- 
mal Life 
250 GWe system by 
Yeas 2000 and 
Steady State 
500 GWe system by 
Year 2040 

(a) NA = not applicable. 

. ,  
alternative program and since we assumed that each fuel assembly would be encapsulated indi- 
vidually for this analysis, the number of canisters is the same for both major alternatives. 

The total number of waste containers sent to disposal with the reprocessing cycle is 
shown in Table 7.3.lb (see Sections 4.3.2 and 4.3.3 for container descriptions). The range 
of numbers of high-level waste containers results f m  variatiins in the allowable heat 



TARE 7.3.lb. Number of waste Containers Sent to Disposal in Reprocessing Cycle 

Thousands of Containers 
Proposed Program A1 ternative Program 

Nuclear Power (6eologic Disposal (Disposal Starting 
Case - Growth Assumption Starting 1990 - 20101 2010 - 2030) 
1 Present Inventory 
2 Present Capacity 

and Normal Life 
3 250 GWe System by 

Year 2000 and Nor- 
mal Life 

HLW Canisters 
RH-TSW Canisters 

e RH-TRU Drums 
CH-TRU Drums 
CH-TRU Boxes 

4 250 We system by 
Year 2000 and 
Steady State 

HLW Canisters 
RH-TRU Canisters 
RH-TRU Drums 
CH-TRU Drums 
CH TRU Boxes 

5 500 We System by 
Year 2040 

HLW Canisters 
- RH-TRU Canisters 

RH-TRU Drums 
CH-TRU Drums 
CH-TRU Boxes 

(a) NA = not applicable. 

generation ra te  per canister for  the four disposal media and variations in  t he  age, and t h u s  
the heat generation rate, of the waste a t  the time of disposal. The contact-handled TRU 
waste quantities vary depending on the  time reprocessing s t a r t s  and the quantity of MOX fuel 
that is reprocessed. See Appendix Table A.1.22 for additional details.  

7.3.2 Interim Storage Requirements 

The interim storage requirements for spent fuel are controlled in  the once-through 
cycle by the repository recelving capability, and in the  reprocessing cycle by the  reproces- 
s ing  capacity. Spent fuel storage requirements in aww-from-reactor (Am) f aci l i t i e s ,  also 
referred to  as independent spent-fuel storage f ac i l i t i e s ,  are shown in Table 7.3.2 for  the 
once-through cycle and in Table 7.3.3 for  the reprocessing cycle. Requirements w i t h  or 
without reprocessfng are about the same if repositories s t a r t  up in  t he  period of 1990 
t o  2010. However, whereas the storage requirements increase substantially for  the once- 
through cycle w i t h  1 a te r  repositories under the a1 ternative program, the requirements are 
not changed in the reprocessing case since the storage requirement is controlled by the 



Case - 
1 

2 

3 

4 

5 

TABLE 7.3.2. Comparison. of Away-From-Re actor Spent Fuel Storage Requirements 
for the Program Alternative Using the Once-Through Cycle 

Maximum Storage Requirements, HTHM 
P r o p o s e d t e r n a t i v e  Program 

Nuclear Power Growth (Geologic Disposal (Disposal Starting No Action 
Assmption Starting 1990 - 2010) 2010 - 2030) A1 ternatiw 

Present Inventory 
only 

Present Capacity and 
Normal Ljfe 7,900 to 30,000 30,000 to 37,000 37,000 

250 We System by Year 
2000 and Normal Life 12,000 to 113,000 113,000 to 181,000 197,000 

250 me System by Year 
2000 and Steady State 60,000 

506 GWe System by 
Year 2040 61,000 215,000 N A 

(a) NA = not epplicable. 

TABLE 7.3 -3. Comparison of Away-From-Reactor Spent Fuel Storage Require ents !' for the Program Alternative Using the Reprocessing cycle(& 

Case - 
1 

2 

3 

4 

5 

Nuclear Power Growth 
Assumption 

Present Inventory 
only 

Present Capacity and 
Normal Life 

250 We System by 
Year 2000 and Normal 
Life 

250 We System by 
Year 2000 and Steady 
State 

500 GWe System by 
Year 2040 

Maximum Storage Requirements. MTHM 
Proposed Program A1 ternative Program 

(Geoloaic Dis~osal (Dis~osal Startino No Action 
s tar t in i  1990 20101 2610 - 2030) - ~l ternative 

a) Assumed Reprocessing startup dates range from 1990 t o  2010. 
Ib) = Not applicable. 

range of re&xessing dates considered. The accumulation and decline of the storage 
requirements is illustrated for Case 3 i n  Figures 7.3.8 and 7.3.9 for the once-through cycle 
and reprocessing cycle, respectively. (See Appendix A.l for annual - requjrements of other 
cases. ) 

Although i n  the reprocessing cycle the spent-fuel storage requirements are not 
increased by delay i n  repository availability, the storage requirements for  the reprocessing 
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wastes do become substantial f o r  delayed repository avai labi l i ty.  This i s  show i n  
Table 7.3.4. The range o f  storage requirements f o r  high-level waste canisters i s  affected 
not only by repository ava i lab i l i t y  but also by the heat l imi ta t ion on canisters for the 
different geologic media. For example, only about 113 as much high-level waste can be 
placed i n  a single canister f o r  a repository i n  shale as can be placed i n  a canister for a 
repository i n  sa l t  (see Section 5.3). . 

TABLE 7.3.4. Interim Waste Storage e uirements f o r  the Program Alternatives Using 
taJ  the Reprocess ing Cycle 

Case - 
1 

2 

3 

4 

5 

Maximum Number o f  Containers Stored 
Proposed Program A? ternative Program 

Nuclear Power Growth (6eologic Disposal (Disposal Start ing 
Assumption Start ing 1990 - 20102 2010 - 2030) 

No Action 
Alternative 

Present Inventory Only NA( b) N A 

Present Capacity and 
Normal L i f e  N A N A 

250 We System by Year 
2000 and Normal L i f e  
e HLW Canisters 0 to 85,000(~) 40,000 t o  85,000(~) 
e RH-TRU Waste Canisters 0 41,000 41,000 to 60,000 

RH-TRU Waste Drums 0 to 604,000 604,000 to 894,000 

0 CH-TRU Waste Drums 0 to 397,000 337,000 t o  577,000 
CH-TRU Waste Boxes 0 t o  6,000 6,000 to  9,000 

250 he System by 
year 2000 and Steady 
State 

o HLW Canisters 0 46,000 to 92,000(~) 
RH-TRU Vaste Canisters 0 54,000 

0 RH-TRU Waste Drums 0 798,000 
0 CH-TRU Waste Drums 0 460,000 
a CH-TRU Waste Boxes 0 8,000 

500 6We System by 
Year 2040 

HLW Canisters 0 52.000 t o  114,000(~) 
RH-TRU Waste Canisters 0 63,000 
RH-TRU Waste Drums 0 

CH-TRU Waste Drums 0 599, 
CH-TRU klaste Boxes 0 

"T 
10,000 

a Assumed reprocessing startup dates range from 1990 to 2010 (see Table 7.1.3). 
I b j  ti4 = not applicable. 
(c) Range f o r  H ~ W  values f o r  the four disposal media. . - 

For Case 3 under the al ternat ive program, the maximun storage requirements are not as 
large as one might a t  first expect considering the time delqy to the  year 2030 repository 



startup. This is because of the'declining schedule of fuel discharges (see Figure 3.2.3) 
and the accelerated repository receiving rate used to eliminate the storage backlog (see 
Figure 7.3.4). For Cases 4 and 5 under the proposed program, the repository s ta r t s  the same 
year as reprocessing and there are no interim storage requirements. However, under the 
a1 ternative program the storage requirements are substanti a1 for these cases. 

7.3.3 Transportation Requirements 

Transportation requirements are identified here i n  terms of the number of shipments 
required. A shipment is defined as one truck cask or one rail or intermodal cask shipment 
in  the case of spent fuel or one truck load or one r a i l  car i n  the case of reprocessing 
wastes. 

Transportation requirements for the once-through cycle are shown i n  Table 7.3.5. Truck 
shipnents are the same under the proposed program or the alternative program. This is  
because it does not matter whether the fuel shipped front the reactor by truck goes to 
interim storage or the repository; I t  i s  only shipped once by truck as shipments from 
interim storage are assumed to be entirely by rail. Rail shipments can be higher under the 
alternative program because storage requirements are higher and any fuel shipped to interfm 
storage must be shipped twice--once from the reactor to interim storage and once from 
interim storage to the repository. F e w  shipments are required under the no-action alter- 
native because some of the fuel remains i n  the reactor basins and is not shipped a t  all. 
Additional details are shorn i n  Appendix A, Table A.7.1. 

Transportation requirements for the reprocessing cycle are shown i n  Table 7.3.6. 
Transportation requirements range somewhat higher under the alternative program than under 
the proposed program because more shipments are required to interim storage as a result of 

TABLE 7.3.5. Comparison of Transportation Requirements for the Program A1 ternative Using 
the Once-Through Fuel Cycle ' --- 

Number of Spent Fuel Shipments 
Proposed Progran A1 ternative Program 

Nuclear Power Growth Transport (Geologic Disposal (Disposal Starting No Action 
Case - Assumption Mode Starting 1990 - 2010) 2010 - 2030) A1 ternative 

1 Present Inventory Rail 
Only Truck 

2 Present Capacity Rai 1 
Normal Life Truck 

3 250 GWe by Year Rai 1 
2000 and Steady Truck 
State 

4 250 GWe System by Rai 1 
Year 2000 and Truck 
Steady State 

5 500 We by Year Rai 1 
2040 Truck 

(a) NA = not applicable. 



Case - 
1 

2 

3 

4 

5 

TABLE 7.3.6. Comparison o f  Tota l  Transportat ion Requiremen s f o r  the  Program I Al ternat ive  Using the  Reprocessing Fuel Cycle a) 

Number o f  Shipments 
P ~ O D O S ~ ~  Proa rm A1 ternat  i ve Proaram 

Nuclear Bower Growth Transport ( ~ e d o g i c  D isiiosal (Disposal s t a r t i n g  
Assumption Mode S t a r t i n g  1990 - 2010) 2010 - 2030) 

Present Inventory NA( b) 
Only 

Present Capacity N A N A N A 
andNorma lL i fe  - 

250 We System by Rat 1 90,000 t o  119,000 117,000 to 147,000 
Year 2000 and Truck 182,000 t o  314,000 182,000 to 317,000 
Normal L i f e  

250 GWe System by Rai 1 13 6,000 
Year 2000 and Truck 250,000 
Steady State 

500 We System by 
Year 2040 

Rai 1 
Truck 

I 
a) Assmed reprocessing star tup dates range from 1990 to 2010; (see Table 7.1.3) 

. [b)  WA = not  applicable. 



the  po ten t ia l l y  greater delay i n  reposi to ry  ava i lab i l i t y .  Requirements f o r  truck shipments 

are much . larger than i n  the once-through cycle because o f  the  assumption t h a t  a l l  TRU waste 

drums and boxes are shipped by truck. These wastes could be shipped by r a i l ;  i n  t ha t  case, 

only 112 t o  1/3 as many shipments would be required. More de ta i l s  o f  t he  transportatSon 

requirements wi th  the reprocessing cycle are show i n  Appendix A, Table A.7.2. 

7.3.4 Age o f  the Waste a t  Disposal . 

A po ten t i a l l y  benefi cia1 aspect o f  delayed reposi tory avai labi  l i t y  under the alterna- 

t i v e  i s  the aging of  the waste, which reduces rad ioac t i v i t y  and heat generation 

rates. The maximum and minimum ages a t  disposal f o r  spent f ue l  frm the once-through cycle 

and high-level waste from the reprocessing cycle are shown i n  Tables 7.3.7 and 7.3.8, 

respectively. To i l l u s t r a t e  t h i s  aspect more f u l l y ,  the ages o f  spent f ue l  and high-level 

waste f o r  Case 3 are p lo t ted  as a function of t ime i n  Figures 7.3.10 and 7.3.11 f o r  the 

once-through and the  reprocessing cycles. 

The lower thermal output f o r  the aged waste would pennit e i t he r  more waste t o  be placed 

i n  indiv idual  canisters and a higher areal loading o f  the repositories, or  could be used t o  
provide a greater leve l  o f  technical conservatism by a l l  owing reduced temperatures f o r  

emplaced wastes. For t h i s  analysis, the quant i ty o f  high-level waste placed i n  ind iv idua l  

canisters has been adjusted t o  take advantage of the  lower thermal output of the aged waste, 

and the calculated repository requirements take i n t o  account the l o e r  thermal output o f  the 

aged waste. The re la t ionsh ip  between age o f  the  waste and reposi tory capacity i s  discussed 

i n  Section 5.3.3 and Appendix K. 

TABLE 7.3.7. Maximum (and Minimum) Age o f  Spent Fuel Entering the 
Repository Using the Once-Through Cycle, Years 

Proposed Prosram A1 t e m a t i v e  Proaram 

Case - 
1 

2 

3 

4 

5 

Nuclear Powr Growth (Geoiogic ~ i s p o s a l  (Disposal s t a r t i ng  
Assumption Star t inq 1990 - 2010) 2010 - 2030) 

Present Inventory 
Only 18(14) t o  38(34) 38(34) t o  58(54) 

Present Capacity 
and Normal L i f e  18(5) t o  38(18) 38(18) t o  58(38) 

250 M e  System 
by Year 2000 
and Normal L i f e  18(5) t o  38(5) 38(5) t o  58(19) 

250 QJe System 
by Year 2000 
and Steady State 28(5) 48(12) 

500 We System 
by Year 2040 



TABLE 7.3.8. Maximum (and minimum) Age o f  High-Level a &.En r ng the r f T b l  Repository using the Reprocessing Cycle, a Years 

Proposed Program Alternative Program 
Nuclear Power Growth (Geologic Disposal (Disposal Starting 

Case - Assumpti on . Start ing 1990 - 2010) 2010 - 2030) 

1 Present Inventory 
IY 

2 Present Capacity 
and Normal L i f e  N A 

by Year a00 
and Normal Li fe 

4 250 GGle System 
by Year 2000 
and Steady State 

5 ,  500 We System 
by year 2040 

Assumes reprocessing startup dates range from 1990 t o  2010 (see Table 7.1.3). 
Years from reactor discharge. 

(c) NA = not applicable. 

AUERNATIM PROGRAM 

. PROPOSED PROGRAM 
REGION 2030 REPOSITORY 

STARNP 

1990 REPOSITORY 2010 REPOSITORY 
SThRTUP STARNP 

YEAR 

FIGURE 7.3.10. Age o f  Fuel Entering Repository fo r  Case 3 with 
the Once-Through Cycle - 



,1990' REPROCESSING 
AND 2010 REPOSITO Y 

STARTUP -\ 

ALTERMATIE PRCGRAM 
REG l ON 

2010 REPROCESSING 
AND 20% REPOSITORY 

STARTUP 

PROPOSED PROGRAM \ \  \ 
REG I ON \ 

- 

1990 REPROCESSING 
AND 1990 REPOSITORY 

STARNP AND 2010 REPOSITORY 
STARTUP 

1990 2010 2030 2 8 0  2010 
YEAR 

FIGURE 7.3.11. Age of High-Level Waste Entering Repository for Case 3 
w i t h  the Reprocessing Cycle 

7.3.5 Facility Requirements 

To estimate resource requirements, it is first necessary to define the number of waste 
management f aci l i t ies  required i n  each case. In the once-through cycle, the only fac i l i t i e s  
required i n  addttion to  the repository and packaging faci l i ty  are the independent fuel stor- 
age faci l i t ies  for interim storage of the spent fuel. The number of these faci l i t ies  
requtred is proportional to  the maximum spent fuel storage requirements shown in 
Table 7.3.2; a separate faci l i ty requirement table is not show here. A 3,000 MTHM inde- 
pendent spent-fuel storage basin model was used i n  t h i s  Statement as a basis for resource 
requirynent estimates. However, it i s  believed that f aci l i t i e s  ranging up to  20,000 M M M  
capacity might  be used i n  cases where the interim storage requirements are very large. (Sto- 
rage faci l i t ies  up to  18.000 MMfl are considered i n  the U.S. Spent ~ & l  Policy Statement 
(DOE/EIS-0015 1980). The resource requirements and costs would decline somewhat as ind iv id-  

ual fac i l i ty  sizes increase because of scaling-effect efficiencies b u t  radiation total 
releases would not be affected. 

For the. reprocessing cycle, the spent-fuel storage f aci l i  t y  requirements would be pro- 
portional to the maximum storage requirement show i n  Table 7.3.3. Other waste management 
fac i l i ty  requirements would be proportional to the number of fuel reprocessing plants and 
MOX fuel-fabrication plants u t i  lized to process and recycle the spent fuel. Requirements 
for  these faci l i t ies  are shown i n  Table 7.3.9. 



The number o f  equivalent 30-year-l i fe plants u t i l i z e d  through the year 2040 was used 

t o  estimate resource requirements rather than number o f  p lants started up. (Average u t i  li- 
zation or  capac-ity fac tor  f o r  a reprocessing plant was assumed t o  be 80% o f  on-stream design 

capacity and f o r  a MOX fuel- fabr icat ion plant a 65% factor was assumed.) It was assumed 

tha t  the balance o f  the f a c i l i t i e s  started up would be u t i l i z e d  for continuing requirements 

outside athe boundaries of the systems studied here. Both the number o f  startups and equiv- 

a lent 30-year-l i fe plants are shown i n  Table 7.3.9. 

The nmber o f  repositokies required i s  sensi t ive t o  the geologic medium. I n  the case 

o f  spent fuel, f o r  example, the c r i t e r i a  u t i l i z e d  i n  t h i s  Statement indicate t ha t  the under- 

ground area reqbired t o  store wastes i n  s a l t  or  shale i s  approximately twice that  needed t o  
store wastes i n  granite o r  basalt. For the reprocessing cycle wastes, s a l t  canpares favor- 

ably wi th grani te and basalt, but  shale requires on the order o f  twice the area required f o r  

the other three media examined, Taking i n t o  account the  range o f  requirements f o r  the  four 

media considered here, Table 7.3.10 shows the range o f  800-hectare (2,000-acre) reposi tor ies 

required f o r  both the once-through and the reprocessing cycles. Further de ta i l s  can be 

found i n  Appendix Tables A.lO.l and A.10.2. 

Although the range of requirements shown i n  Table 7.3.10 resu l t s  la rge ly  from the  range 

o f  geologic media considered, the range i s  also affected by the age o f  the  waste. An older 

waste generates less heat and, as a consequence, permits somewhat more e f f i c i e n t  use o f  

repository space. The effect of waste age on reposi tory capacity i s  discussed i n  

Section 5.3.3. 

Since s ign i f i can t  improvements may ye t  be possible i n  both the once-through cycle 

repository concept and the reprocessing cycle reposi tory concept, conclusions regarding 

re1 at ive reposl tory requirements by fuel cycle should be considered as preliminary. The 
generally larger repository requirement f o r  reprocessing wastes ( s a l t  i s  an exception) 
resu l t s  from the addit ional placement area required f o r  TRU wastes. (An i l l u s t r a t i o n  o f  the 

r e l a t i ve  repository area requirements f o r  each waste type can be found i n  DOE/ET-0028, 

Vol. 4, Tables 7.4.2 and 7,5.3.) 



TABLE 7.3.9. 

Nuclear P o w  
Growth 

Case Assumption - 
1 Present. 

Inventory Only 

2 Present Capac- 
i t y  and Normal 
L i f e  

3 250 We Systetn 
by Year 2000 
and Normal 
L i f e  

4 250 Me System 
by year 2000 
and Steady 
State 

5 500 We Systm 
by year 2040 

Fuel Reprocessing and MOX Fuel Fabrication Pl  ant Requirements 

2000 MTW Fuel Reprocessing Plants 400 MHM MOX Fuel Fabrication Plants 
tquivalent - Eauivalent 30-vr-l i fe- 

Startups 30-yr-1 i f e  plant U t i  1 ized Startups Plants ~ t i l j r e d  

I 
(a) NA = Not Applicable. 



TABLE 7 A l O .  Number o f  800-hectare(a) Repositories Required 

Case Nuclear Power Growth Assumption Once-Through Cycle Reprocess inq Cycle - 
1 Present 'Inventory Only 0.03 to  0.1 N A 

2 , Present Capacity and Normal L i f e  0.2 to  0.7 N A 

3 250 6We System by Year 2000 and 
Norma1 L i f e  1 to 4 2 t o 5  

4 250 We System by Year 2000 and 
Steady State 2 t o 5  3 to 6 

5 500 6We System by Year 2000 2 to  7 4 t o 9  

hectares = 2000 acres. 
= not applicable. 

7.3.6 Equi l lbr lun Requirements f o r  Equilibrium Steady-State Systems 

One o f  the purposes f o r  Case 4 was to 1 l l us t ra te  the level o f  continuing requirements 
i n  a steady-state nuclear system--in t h i s  case, 250 We. Table 7.3.11 shows these equi l ib- 
r im  requirements I n  terms of spent fue l  disposal or reprocessing requirements, annual waste 
shjpments and the ember o f  years to f i l l an BUO-hectare repository C the four geologlc 
media. Requirements for  other sizes of steady-state systems w i l l  be d i rec t ly  proportional 
t o  these requirements. For example, a 500 We steady-state system would have twice the 
wquirements show i n  Table 7.3.11. Data are provided on the number o f  years to f i l l  repos- 
i t o r i es  f o r  waste ages o f  5 and 50 years to  lend perspective on the age variable. A s igni f -  
icant improvement f o r  the 50-year-old waste i s  Indicated i n  a11 media f o r  the reprocessing 
wastes and f o r  spent fuel  I n  granite or  basalt, but re la t i ve ly  small improvements are shown 
f o r  spent fuel i n  sa l t  and shale. 

TABLE 7.3.11. Equilibrium Requirements. f o r  Case 4 (250 We Steady State) 
S ent Fuel to 
gisposal or Time Required to Fill an 800-hectare Repository 

hnual 5-F-0 Reprocessing, Shi ents -yr-o -yr-o -yr-01 d 
wFm swnt 21 k n t  r!t ld 50 HLw 

One-T hrouqh Cycle 

Spent Fuel 
Salt 
Granite 
Shale 
Basalt 

Reprocessins Cycle 

Spent Fuel 
HLW and 
Other Wastes 

Salt 
Granite 
Shale 
Basalt 

(a] A shipent is defined as one rail em- or one truck load. 



.7.3.7 Plutonium Disposition 

Examination o f  the disposition of plutoni um helps to  explain differences i n  the compo- 

s i t i on  of the waste produced i n  the di f ferent nuclear growth cases and the effect that the 
reprocessing date has on the waste compositions (The reprocessing date ef fects the amount 
o f  recycle achieved wi th in the time frame o f  t h i s  analysis.) Table 7.3.12 shows the plu- 
tonium disposit ion i n  both the once-through cycle and the reprocessing cycle. Disposition 

i n  the once-through cycle i s  straightforward--all of the plutonium goes t o  the repository 
with the spent fuel. . With the reprocessing cycle, the si tuat ion i s  more complex. Much o f  
the p lutonim that i s  recycled i s  eliminated by fissioning. However, recycle o f  plutonium 
i n  mixed plutonium and uranium oxide fuel  also produces more plutonium by conversion of 

238~. Thus, the to ta l  amount of plutonium generated i n  the reprocessing cycle i s  always 

larger than the to ta l  amount o f  plutonium i n  the once-through cycle spent fuel. Approxi- 

mately 99% of  the plutonium i n  the spent f ue l  i s  recovered by reprocessing and (excluding 

third-recycle discard) a l i t t l e  more than one percent of the plutonium ends up i n  the 
wastes; approximately 0.5% i s  i n  the high-level waste and the balance i s  dispersed i n  the 
TRU wastes. Plutonium recycle also more higher atomic number actinides (e.g., 
anericium, neptunium and curium), which also end up i n  the waste. 

At the end of the reactor operation period i n  each reprocessing case, there i s  some 

plutonium remaining i n  the fuel  as well as plutonium i n  the reprocessing pipeline. This 

plutonium i s  show i n  Table 7.3.12 'as plutonium not recycled. It i s  assumed to  be recovered 
by reprocessing but i s  not recycled i n  t h i s  system. We assume tha t  other reactors that  con- 
t inue t o  operate outside of t h i s  system would, except for third-recycle plutonium, u t i l i z e  
th i s  plutonium. Thus, except f o r  the third-recycle portion, the plutonium not recycled i s  
not considered for disposal i n  t h i s  Statement. Presumably, there w i l l  come a time when the 
industry w i l l  be shut down and the excess plutonium a t  that  time w i l l  require disposal. 

However, before that time, steps could be taken to minimize the amount o f  plutonium l e f t  i n  . the pipeline. With proper planning, the amount of plutonium requiring disposal could be 

reduced t o  the plutonium contained i n  the l a s t  batches o f  sp&t fuel. Since there would be 
no incentive fo r  further reprocessing a t  tha t  time, t h i s  spent fue l  could be disposed o f  as 

spent fuel i n  the same manner as i n  the once-through cycle. 

Me assume here that  the plutonium recovered from the t h i r d  recycle i s  not recycled and 

that it i s  discarded i n  the high-level waste. Table 7.3.12 shows t h i s  t o  be a re la t i ve ly  
small mount. I n  a rea l  system, whether or not t h i s  plutonium i s  recycled w i l l  be pr imari ly 

an economic determination. Recycle could be continued u n t i l  a l l  of the plutonium i s  ei ther 
fissioned o r  transmuted to  higher actinides, which are then i s  discarded i n  the waste. 

The two reprocessing dates used for Case 3 i l l u s t r a t e  how sensitive the  plutonium dis- 

posit ion i s  t o  reprocessing dates. Less than one-third as much plutonium i s  recycled when 
reprocessing star ts  i n  2010 as when reprocessing star ts  i n  1990. This i s  because of: 1). the 

large inventory o f  spent fuel  accumulated when reprocessing starts, 2) a preference given - 
to f i rs t - recycle plutonium re lat ive t o  second- or third-recycle plutonium because of i t s  
higher fuel  value, 3) the l imi tat ion on recycle MOX f ue l  t o  50% of the equilibrium reload 



Case - 
1 

2 

3 

4 

5 

i 

TABLE 7.3.12. Plutonium Disposition Within the Timeframe o f  the Analysis 

Once-Through Cycle 
Nuclear Power ' Total Pu i n  

Growth Assumption Spent Fuel, MT 

Present Inventory 
Only 

Present Capacity 
and Normal L i f e  

250 GWe System by 
Year 2000 and Nor- 
mal l i f e  

250 GWe System 
by Year 2000 and 
Steady State 

500 GWe System 
by Year 2040 

(a) NA = not applicable. 

Reprocessing Cycle 
Year Third 

Reprocessing Total Pu Pu Pu Not Recycle 
Starts Generated, MT Recycled, MT Recycled, Discard, MT 



fuel, 4) the long time for spent recycle fuel to work its way through the inventory t o  
reprocessing, and 5) the year 2040 cutoff date for this  analysis. No third-recycle fuel is 
irradiated'in the Year 2010 reprocessing case. The same effect is noted i n  Case 4 and 
Case 5. We calculate that  at  equilibrium, 4 MT of third-recycle plutonium wbuld be dis- 
charged for each 1,000 MT of equi librium plus recycle reload fuel charged (equilibrium 
reload fuel accounts for approximately 80% of the total fuel). Thus, for Case 3 for 
example, where 239,000 MT of fuel are charged, the eventual implied comnitment for th i rd-  

recycle plutonium disposal is approximately 780 MT. 

7.3.8 Radioactivity Inventory i n  Disposal Repositories 

The total radioactivity and the total heat output from the entire inventory of all 
wastes sent to disposal f r m  the entire system are sumnarized i n  Tables 7.3.13 through 
7.3.16. These tables show the activity and heat output from year 2070 at  periodic intervals 
for the next 1 million years for each of the nuclear growth cases. By the year 2070, al l  
wastes have been placed i n  the repositories and much of the shorter l i f e  activities have 
decayed to low levels. Detailed tables showing the breakdovm of radioactivity and heat out- 
p u t  by individual nuclides are included i n  Appendix A.2 and A.3. 

Table 7.3.13 shows the radioactivity inventory for a l l  the fission and activation pro- 
ducts. T h e  radioactivity here is roughly proportional to the total energy produced i n  each 
case (see Table 7.1.1). The fission and activation product inventory for the reprocessing 
cases is closely similar to  the fission and activation product inventory for the once- 
through cases, 

Table 7.3.14 sumnarizes the total radioactivity inventory for all  of the actinides and 
their daughter nuclides. The activity inventories i n  the once-through cases are roughly 
proportional to the energy generated i n  each case. T h i s  is also true for the reprocessing 
cases. However, the actinide inventories for comparable reprocessing and once-through cases 
are substantially different. The actinide activity in i t ia l ly  i s  much higher w i t h  the once- 
through cycle wastes. T h i s  is  because these wastes contain all of the plutonium present i n  
the spent fuel. However, the recycle wastes contain a much higher level of the higher 
actinides--americum, curium, etc. Thus, the difference i n  total actinide activity inven- 
tories is not as large as one might expect based just on the plutonium content, and the dif- 
ferences become smaller i n  later years. Reprocessing Case 3 shows that the reprocessing 
date significantly effects the total actinide activity inventory i n  the wastes. 

Table 7.3.15 shows total heat output for the fission and activation products and 
Table 7.3.16 shows heat output for the actinides and their daughter nuclides. These tables 
show that in all  cases, the heat output is dominated by the actinides after the f i r s t  
500 years. . 

Comparisons of the toxicity of radioactive wastes on the basis of hazard indices is 
discussed i n  Section 3.4. The relative toxicities of the once-through cycle and 



TABLE 7.3.13. Total Radioactivity Inventory of All Fission and Activation Products in All ~e~ositories(a) 

Fuel Reproces- Curies 
CFle Case sing Date year 2010 500 Years iooo Years 5000 Years 10.~(10 Years 50,000 Years 1 ~ ~ s a a ; a a b  Years 190- Years 

Once- 
Through 1  MA(^) 2 . 9 0 ~ 1 0 ~  4 . 5 6 ~ 1 0 ~  1 . 7 1 ~ 1 0 ~  1 . 6 1 ~ 1 0 ~  1 . 5 7 ~ 1 0 '  

2 N A 2.66 x lo9 3.01 x lo6 1.07 x lo6 1.01 x lo6 9.79 x lo5 

Repro- 
cessing 3 1990 1.75 x lolo 1.64 x lo7 5.35 x lo6 5.01 x lo6 4.87 x lo6 

2010 1 . 8 0 ~ 1 0 ~ ~  1 . 6 4 ~ 1 0 ~  5.42x106 5.O7x1o6 4.92x106 
4 2000 2 . 6 9 ~ 1 0 ' ~  2 . 2 4 ~ 1 0 ~  7 . 0 8 ~ 1 0 ~  6 . 6 1 ~ 1 0 ~  6 . 4 3 ~ 1 0 ~  

5 2000 3.95 x 10'' 3.12 x lo7 9.62 x lo6 8.98 x lo6 8.72 x lo6 

a) Beyond 2070, time intervals are measured from 1980. - not applicable. 

TABLE 7.3.14. Total Radioactivity Inventory of All Actinide and Daughter Nuclides in All ~e~ositories(a) 

Fuel Reproces- Curies 
ears 1000 Years 5000 Years 10,000 Years 50.000 Years 100,000 Years S U O , ~ ~ . O O O  years Cycle Case sing Date ?ear Z010 500 Y 

Once- 
Through 1 W A ( ~ )  5.01xlo7 2 . m x l o 7  1 . 2 2 ~ 1 0 ~  4 . 7 5 ~ 1 0 ~  3.51x106 

2 HA 4.33 x lo8 1.26 x lo8 7.38 x lo7 2.61 x lo7 1.91 x lo7 

? 3.06 x lo9 6.43 x lo8 3.75 x lo8 1.31 x lo8 9.56 x lo7 

4 N A 4.90 x lo9 8.55 x lo8 4.97 x lo8 1.73 x lo8 1.26 x 10' 

5 N A 7.38 x lo9 f.17 x lo9 6.79 x lo8 2.35 x lo8 1.72 x lo8 

Repro- 
cessing 3 1990 1 . 4 3 ~ 1 0 ~  2 . 9 0 ~ 1 0 ~  1 . 5 3 ~ 1 0 ~  3 . 7 0 ~ 1 0 ~  2 . 5 4 ~ 1 0 ~  

2010 8.22x108 3 . 4 9 ~ 1 0 ~  1 . 6 3 ~ 1 0 ~  1 . 1 0 ~ 1 0 ~  7 . 6 6 ~ 1 0 ~  

4 2000 1 . 1 8 ~ 1 0 ~  3 .55~10 '  1 .75r lo8  2 .57~10 '  l . 7 8 x l o 7  

5 2000 1 . 8 ~ ~ 1 0 ~  4.9gX1o8 2.48x108 3.99x107 2 . 7 5 ~ 1 0 ~  

2070, time intervals are measured from 1980. 
= not applicable. 



TABLE 7.3.15. Heat Output of Total Inventory o f  a l l  Fission and Activation Products i n  A l l  ~eposi tor ies(a)  

Fuel 
Cycle 

Once- 
Through 

Repro- 
cessing 

Reproces- Watts 
Case sing Date Pear 2070 500 Y - ears 1000 Years 5000 Years 10.000 Years 50.000 Years 100.000 Years 500.990 Years 1.WO.MIO Years 

a) Beyond 2070, time Intervals are measured froa 1980. - not applicable. 

TABLE 7.3.16. Heat Output of Total Inventory o f  A l l  Actinide and Daughter Nuclides i n  A l l  ~ e ~ o s i t o r i e s ( ~ )  

Fuel Reproces- Watts 
Cycle Case sing Date Pear v l  ears y ears 50.000 Years 100,000 Years 500.000 Years 1,000,000 Years 

Once- 
Through 1 1.26~10~ 6.53~10~ 3.91~10~ 1.46~10~ 

2 NA 8.53 x lo6 4.10 x lo6 2.37 x lo6 7.98 x lo5 
3 NA 4.40 lo7 2.10 lo7 1.20 lo7 4.00 lo6 
4 UA 5.84 x lo7 2.79 x lo7 1.60 x lo7 5.29 x lo6 
51 N A  7.99 x lo7 3.81 x lo7 2.18 x lo7 7.20 x lo6 

Repro- 
cessing 3 1990' 3.15x107 9.06x106 4.60x106 8.98x105 

2010 2.63x107 1.14x107 5,28x1o6 2.45x105 
4 2000 3.66 x lo7 1.13 x lo7 5.43 x lo6 5.75 x lo5 
5 2000 5.60x107 1.58x107 7.65x106 8.94~10' 

(a) Beyond 2070, time - intervals are measured frons 1980. 
(b) NA = not applicable. 



reprocessing cycle wastes are compared i n  Table 7.3.17. The index employed here i s  the 

amount of water required t o  d i lu te one MTHM equivalent of  the waste t o  drinking water stan- 
7 3 dards (10 CFR 20) divided by the amount of water (8.7 x 10 m ) required t o  d i lu te  the 

or ig ina l  uranium ore t o  drinking water standards. ( a )  An index o f  1.0 means the t o x i c i t y  
hazard i s  equivalent t o  the or iginal  uranium ore. Detailed tables summing the d i lu t ion  
hazard-index fo r  a l l  of the signi f icant f iss ion and activation products and the actinides 

and the i r  decay products are presented i n  Appendix A.4 

The data i n  Table 7.3.17 show essential ly equivalent re la t i ve  hazard indices f o r  a l l  

o f  the once-through cycle cases. Equivalence (index = 1) with uranium ore i s  reached a f te r  

about 10,000 years. 

Except at  the beginning where they are closely similar, the reprocessing waste indices 
are somewhat lover than the once-through indices and re f l ec t  sens i t i v i t y  to  the amount o f  
plutonium recycle achieved as ident i f ied by the reprocessing date. Equivalence with 

uranium ore i s  reached between 1000 and 2000 years after repository closure. 

Nuclides that  account f o r  90-plus percent of the hazard index are l i s t ed  i n  Table 7.3.18 

f o r  several time periods. Only Case 3 i s  shown f o r  the once-through cycle since a l l  

once-through cases are simi 1 ar. 

I n i t i a l l y ,  i n  both cycles, ' O S ~  accounts fa 95+% of the hazard index. At 1000 years 

the ~ r i n c i ~ a l  contributors i n  the once-through cycle are 241h, 240~u and 2 3 9 ~ u  and i n  the - - 

reprocessing cycle are 2 4 1 ~ ,  2 4 3 ~  and 240~u. A t  10,000 years the pr incipal  contributors 
i n  the once-through cycle are 2 3 9 ~ u  and 2 4 0 ~ ~ ,  whi l e  i n  the reprocessing cycle they are 
243h, 240~u  and 239~u. For the 100,000- t o  1,000,000-year period i n  the once-through 

cycle, and 210~b (both daughters o f  2 3 8 ~ )  are the pr inc ip le hazards, uh i l e  i n  the 
reprocessing cycle, the pr inc ip le contributors include 229~h, 129~, and 237~p i n  addition 
to  226~a. 

It should be noted that  although th i s  index i s  one way t o  measure re la t i ve  t o x i c i t y  of 

the wastes it says nothing about the complex pathway for  a release or the probabi l i ty  of 
actual release o f  these materials t o  the biosphere. This i s  discussed i n  Section 5.5. 

(a) Based on 0.2% uranium ore and 3% 2 3 5 ~  fresh fuel. 



TABLE 7.3.17. Hazard Index of Repository Waste Inventory Re la t ive  t o  0.2% Urmium Ore. (a) 

Fuel Reproces- 
Cycle Case sing Date Year 2070 500 Years 1000 Years 5000 Years 10.000 Years 50.000 Years 100.000 Years 500,000 Years 1,000.000 Years 

Once- 
Through 1 2 . 2 9 ~ 1 0 ~  5.39 . 3.14 1.11 8 . 5 1 ~ 1 0 ' ~  4 . 1 6 ~ 1 0 "  .4 .30x10"  3 . 7 4 ~ 1 0 "  2 . 3 3 ~ 1 0 ' ~  

2 NA 4.38 x lo2 7.09 3.99 1.26 9.65 x los1 4.89 x 10" 5.23 x 10-I 4.38 x 10" ( 2.52 x 10" 
3 NA 6.14x102 7.29 4.08 1.27 9 . 7 3 ~ 1 0 ' ~  4 . 9 3 ~ 1 0 "  5.27 'x10'~ 4 . 4 1 ~ 1 0 ' ~  2 . 5 3 ~ 1 0 ' ~  
4 IJA 7.O8x1o2 7.33 4.09 1.27 9.72 x 10-I 4.88 x 10" 5.20 x 10" 4.37 x 10'~ 2.51 x 10" 
5 NA 7.73x102 7.43 4.14 1.28 9.77 x 10'~ 4.89 x 10-I 5.20 x 10" 4.37 x 10'~- 2.52 x 1 0 ' ~  

Repro- 
cessing 3 1990 5.32x102 3.26 1.63 3.07 x 10-I 2.24 x 10-' 8 . U  x 7.91 x 10'~ 6.58 x 10'~ 3.15 x 1 0 ' ~  

2010 5.76 x lo2 4.16 1.90 9 . 5 6 ~ 1 0 ' ~  7 . 2 1 ~ 1 0 ' ~  3 . 1 4 ~ 1 0 ' ~  2 . 7 8 x 1 0 - ~  2 . 5 7 ~ 1 0 ' ~  2 . 0 8 ~ 1 0 ' ~  
4 2000 6.30x102 3.12 1.48 1 . 5 8 ~ 1 0 ' ~  1 . 1 6 ~ 1 0 ' ~  4 . 2 2 ~ 1 0 ' ~  3 . 6 6 ~ 1 0 - ~  3 . 0 8 ~ 1 0 ' ~  2 . 2 1 ~ 1 0 ~ '  

5 2000 6.84x102 3.22 1.54 1 . 7 9 ~ 1 0 - ~  1 . 3 2 ~ 1 0 - I  4 . 5 4 ~ 1 0 ' ~  3 . 8 8 ~ 1 0 ' ~  3 . 1 6 x 1 0 - ~  2 . 2 1 ~ 1 0 ' ~  

2070, time intervals are measured fm 1980. 
= not applicable. 



,TABLE 7.3.18 Principal Contributors t o  the Hazard ~ n d e x ( ~ )  

Reprocessing 
Fuel Cycle ease Date Year 2070 1000 Years 10.000 Years 100.000 Years 1.000.000 Years 

WI YiK 
Contrlbutlm of  daughter nuclldes i s  Included. 14 u = ~t ~ m m l e .  



7.4 SYSTEM RADIOLOGICAL IMPACTS 

Both the regional and worldwide 70-year whole-body dose accumulations from normal oper- 

ations f o r  the proposed program, the alternative program, and the no-action alternative are 
canpared fo r  the once-through cycle i n  Table 7.4.1. Somewhat higher dose accumulations are 

indicated f o r  the al ternat ive program than for the proposed program. However, the d i f fe r -  
ences are not large enough t o  be significant. The dose accumulation f o r  the no-action 

alternative i s  somewhat less than for the other alternatives, but considering the time 
period involved, the differences are not significant. (There i s  a l i m i t  t o  how long spent 
fuel  can be safely stored i n  water basins without further treatment. The assumption here 
i s  that  t h i s  l i m i t  i s  not reached wi th in the time frame o f  th is  analysis.) As would be 
expected, the dose increases with increasing size o f  the nuclear systems served. 

TABLE 7.4.1. Comparison of 70-Year Whole-Body Dose Accumulations from Normal Operations 
for the Program Alternatives Using the Once-Through Cycle, man-rem 

Case - 
1 

2 

3 

4 

5 

Proposed Program A1 ternative Program 
(Geologic Disposal (Disposal Start ing 

Nuclear Power Start ing 1990 - 2010) 2010 - 2030) 
Growth Assumpti on Regional Worldwide lReqional Worldwide 

Present Inventory 
Only 36 

Present Capacity 200 to 
Normal L i f e  250 

250 M e  System by 
Year 2000 and 940 t o  
Normal L i f e  1200 

250 We System by 
Year 2000 and 
Steady State 1400 

500 GWe system by 
Year 2040 1900 

Dose Accumulation 
from Natural Rad- 
i at  ion Sources 1 lo7 

Mo-Action A1 ternat i  ve 
Regional Wor 1 dwi de 

(a) NA = not applicable. 

The regional and worldwide 70-year whole-body dose accumulations from normal operations 
f o r  the proposed and a1 ternative programs are compared for the case o f  reprocessing i n  

Table 7.4.2. (The no-action al ternat ive i s  not a consideration here because we assume tha t  

reprocessing would not be undertaken i n  that alternative. ) The doses are much larger here 
than i n  the once-through cycle. However, considering the time period over which the dose 
i s  accumulated and comparing it t o  the dose to  the regional and worldwide population that 

- 7 resul ts  from natura l ly  occurring sources during the same period, 1 x 10 man-rem and 
10 4.5 x 10 man-rem, respectively, the dose i s  only a small fraction of the natura l ly  occur- 

r i n g  dose even i n  the highest nuclear growth case (Case 5); i.e., 0.5% of  the regional dose 



TABLE 7.4.2 Comparison of 70-Year Whole-Body Dose Accumulations fr  m Normal Operations for 
the Program Alternatjves Using the Reprocessing Cycle,?') man-rem 

Pro~osed Prwram Alternative Prosram 

Case - 
1 

2 

3 

4 

5 

( ~ e o i o ~ i c  ~ i s ~ o s a l  ) (Disposal starting 
Nuclear Porrer Starting 1990 - 2010) 2010 - 2030) No-Action Alternative 

Growth Assumption Regional Worldwide Reqional Worldwide Regional Norldwide 

Present Inventory 
Only NA( b) N A MA N A UA NA 

Present Capacity 
and Normal Life N A 

250 We System by 
Year 2000 and 13,000 
Normal Life to 33,000 

250 Me System by . 
Year 200 and 
Steady State 33,000 

500 We System by 
Year 2040 46,000 

Dose Accmul htion 
from Natural Radi- 
a t  ion Sources 1 lo7 

- -  - 

reprocessing startup dates range from 1990 to 2000. 
= not applicable. 

and 0.003% of the worldwide dose. The doses from either the proposed program or the alter- 
native program are identical. This is because the dose is accumulated primarily (about 95%) 
from the waste treatment operations and the same quantities of waste are treated i n  a l l  
cases--the only difference i s  that they occur a t  different times. 

In t h i s  Statement, 100 to  800 health effects are postulated to occur i n  the exposed 
population per mil lion man-rein. A health effect is either a fatal  cancer or a genetic dis- 
order. Based on th i s  criterion, the program alternatives are compared on the basis of 
health effects i n  Table 7.4.3 for  the once-through cycle and 7.4.4 for  the reprocessing 
cycle. For the once-through cycle, even w i t h  the high nuclear growth assumption, the number 
of health effects range only from 0 t o  2 on the regional basis and 0 to 3 on the worldwide 
basis. In the reprocessing case, the number of health effects  are larger. For the high 
nuclear growth assunption, they range from 5 t o  37 health effects on a regional basis and 
from 140 td 1100 on a worldwide basis. The health effects calculated to occur over the same 
period from naturally occurring radioactive sources range from 1000 to  8000 health effects 
t o  the regional population and 4 x lo6 to 4 x lo7 health effects  to the worldwide pop- 
ulation. Even though 140 to 1,100 may seem like a significant number of worldwide health 
effects, t t  i s  s t i l l  only 0.003% of the calculated health effects to the worldwide popul a- 
tion from naturally occuring sources of. radiation over the same time period. 

Neither the dose nor health effects comparison for normal opeRtions provides a basis 
far favoring one of the program alternatives i n  either the once-through cycle or the repro- 
cessing cycle. However, the potential impact of accidental releases might provide a basis 



TABLE 7.4.3 

Case - 
1 

2 

3 

4 

5 

Cmparison of Normal Operations Health Effects f o r  the Program Alternatives 
Using the Once-Through Cycle (number of deaths and/or genetic defects) 

Nuclear Power 
Growth Assumption 

Present Inventory 
Only 

Present Capacity 
and Normal L i f e  

250 6We System by 
Year 2000 and 
Normal L i f e  

250 We System by 
Year 2000 and 
Steady State 

500 Me System 
by Year 2040 

(a) NA not applicable. 

Proposed Program A1 ternative Program 
(6eologic Disposal) (Disposal Start ing 

Start ing 1990 - 2010) 2010 - 2030) No Action Alternative 
Regional Worldwide Regional Worldwide Regional Worldwf de 

0 t o  1 O t o 2  O t o l  o t o 2  0 -0  to  1 

o t o l  o t o 2  o t 0 1  o t o 2  NA( a) NA 

TABLE 7.4.4 Cmparison of Norma? Operations Health Effects f o r  the Program A1 ternatives 
Using the Reprocessing Cycle (number o f  deaths and/or genetic defects) 

Proposed Program A1 terna t ive Program ' 
(Geologic Disposal (Disposal Start ing 

Nuclear Power Start ing 1990 - 2010) 2010 - 2030) No-Action Alternative 
Case Growth Assumption Regional - 
1 Present Inventory 

Only NA( a) 

2 Present Capacity 
and Momal L i f e  NA 

3 250 We System by 
Year 2000 and 
Normal L i f e  1 to  26 

4 500 We System by 
Year 2040 3 t o  27 

5 5 0 0 W e S y s t m b y  
Year 2040 5 to  37 

(a) NA = not applicable. 

Worldwide Regional Worldwide Regional Worldwide 



argued tha t  

program can 

a greater d 

meri t  only 

f a i l e d  

0 f a i l e d  

f o r  discrimination i n  the selection o f  a disposal program. For example, i t  can be 

the longer period f o r  research and developnent provided by the a l ternat ive 

i n  tu rn  reduce the probabi l i ty  o f  f a i l u r e  by producing more knowledge and 

i v e r s i t y  o f  choice i n  selecting a disposal method. Such an argument has 

i f  the proposed program: 

t o  maintain R&D programs i n  place t o  increase the body o f  knowledge 

to  maintain a broad base o f  invest igat ion o f  a l ternat ive media, geology and 

locations so as t o  increase the  available d i ve r s i t y  

f a i l e d  t o  require technical conservatism t o  compensate f o r  uncertaint ies and ade- 

quate factors o f  safety 

f a i l ed  t o  provide f o r  r e v e r s i b i l i t y  o f  current decisions through use of concepts 

' o f  G t r i evab i  l i t y  or other step-wise approaches to f i n a l  decisions. This reversi- 

b i l i t y  allows the increased knowledge which develops over time t o  be a fac tor  i n  

near-term decisions. 

To the  extent tha t  the proposed program provides f o r  use of t he  above mi t igat ing fac- 

tors, i t i s  l i k e l y  tha t  t h i s  program would achieve safety and assurance of e f fec t i ve  perm- 

anent disposal comparable t o  t h a t  o f  the  a l ternat ive program. One purpose of including the 

above mi t igat ing factors would be to  make it l i k e l y  tha t  the s ign i f i can t  long-term conse- 

quences would be indist inguishable r e l a t i v e  t o  an a1 ternat ive strategy. 

Between s imi lar  progran strategies, then, the issue becomes one o f  degree rather than 

sharp difference. Do the  mi t igat ing fac tors  adequately canpensate f o r  the existence o f  

uncertainties? Often such questions can only be resolved by  considerat fon o f  extensive 

detai l .  I n  such a case, one must look t o  the near-term aspects o f  t h e  strategies, ra ther  

than t o  t h e i r  long-term aspects - I n  order to evaluate significant di f ference which can be 
ident i f ied wi th confidence. 

Reviews by the Interagency Review Group (IR6) and others indicate t ha t  the RtD program 

must continue t o  'obtain necessary information before proceeding w i th  any waste i so la t ion  

concept. This program o f  RLD i s  discussed i n  Section 5.2 and equivalent sections throughout 

the Statement. Longer time spent on R&D does allow the reduction .of uncertainty i n  under- 

standing of key processes and parameters but general ly only t o  a cer ta in  point. Judgments 

need to  be made as t o  when su f f i c i en t  F&D has been conducted and information i s  ade-quate to  
proceed wi th  implementing any concept. A comprehensive discussion o f  the reso lu t ion o f  

uncertainties concerning geologic disposal i s  contained i n  paragraph 20 o f  Appendix A t o  the 

IRG Subgroup I d r a f t  report  ( I R G  1979). Licensing c r i t e r i a  and formal consideration by DOE 

and by independent l icensing authorftfes through a step-wise approach will be the mechanism 

f o r  making the determination o f  whether enough R&D has been completed. 

Any repository developed a f te r  a caref u1 s i t i n g  invest igat ion tha t  thoroughly examines 

the geological considerations discussed i n  Section 5.2, t ha t  proceeds i n  a stepwise fashion 

o f  development using technica l ly  conservative placement a t  each step, and t h a t  i s  vigorously 

scrutinized by independent l icensing author i t ies  should no t  represent a substanti a l l y  

greater long-term r i s k  than any other concept. 



7.5 SYSTEM RESOURCE COMMITMESYFS 

Estimates of required comnitments for major resources for construction and operati on 
of the entire waste management system were developed for each of the nuclear growth assump- 
tion s and for each repository and reprocessing startup date. The resources considered 
include steel, cement, diesel fuel, gasoline, propane, electrici ty and manpower. The esti- 
mated resource comnitments for two cases used as reference cases for resource comnitments 
comparisons are show i n  Table.7.5.1. Resource comnitments for other cases are sumnarized 
here i n  terms of ratios to the requirements for these .reference cases, A detailed listing 
of these resource commitments for each case. can be found i n  Appendix A. 

The reference cases i n  Table 7.5.1 represent resource comnitments using the Case 3 
growth assumptions and a 1990 repository for the once-through cycle and a 1990 reprocessing 
date and a 1990 repository for the reprocessing cycle. Requirements considering all four 
geologic media are shown. Resource commitment variations for  the different geologic media 
are relatively small. Requirements for reprocessing are somewhat higher than for the once- 
through cycle i n  the case of steel, cement, electricity, and manpower; are about the same 
t o  somewhat higher for diesel fuel and gasoline; and are substantially higher for propane. 
The higher propane requirement results from incineration of combustible waste. Gasoline and 
diesel fuel are used primarily i n  transportation. These fuel requirements are based on 
present practice arid can be expected to change as fuel-use patterns change generally. The 
propane requirements for the reprocessing cycle represent about 0.5% of the total U.S. con- 
sumption for the period to year 2050 assuming current consumption rates hold constant. The 
largest diesel fuel use mounts to about 1% of total U.S. consumption over the period. 
Electricity consunption amounts of 0.02 to 0.05% to  the total energy generated by the nuc- 
lear power system in t h i s  case. 

The resource comnitments for the program alternatives using the once-through cycle are 
ckpared i n  Table 7.5.2 i n  terms of ratios relative to the quantities i n  Table 7.5.1. 'These 
comparisons, which are shown as ranges, take into account the range of repository startup 
dates considered and the four different geologic media. In general, the requirements 
increase w i t h  the size of the nuclear system served. With the exception of the present 
inventory case, which changes only slightly, requirements for the alternative program com- 
pared to the proposed program tend to range up to 2 to 3 times higher for steel, cement, 
gasoline, propane, and manpower and modestly higher for diesel fuel and electricity. Req- 
uirements'for the no-action alternative are zero i n  the present inventory case and are about 
the same as the alternative program for steel, cement, gasoline, propane, and manpower, but . 
diesel and electr ici ty consumption are much lower. 

Relative resource commitments for the program alternatives i n  the reprocessirig cycle 
are compared i n  Table 7.5,3.1 Requirement's #or the alternative program tend to be about the 
same t o  somewhat higher than the proposed program requirements. 

- . . 



TABLE 7.5.1 Resource Cmi tmen t  Reference cases(') 

Once-Through Cycle, Reprocessing Cycle, 1990 
Sal t  1990 Repository Reprocessinq and 1990 'Repository, 

Steel, MT 3.0 x lo5 4.8 x lo5 
Cement, MT 2.8 x lo5 5.5 lo5 
Diesel Fuel, m 3 1.6 x lo6 1.4 x lo6 
Gasoline, m 3 7.9 lo4 1.1 lo5 

Propane, m 3 1.1 lo4 3.5 lo7 

Elec t r i c i t y ,  kWh 6.1 x lo9 1.8 x lolo 

Man Power, man-yr 8.9 x lo4 1.4 x lo5 

Granite 

Steel, MT 4.9 105 ~ 

Cement, MT 3.0 x lo5 
Diesel Fuel, m 3 1.4 x lo6 

Gasoline, m 3 8.6 x lo4 

Propane, m 3 1.3 x lo4 

Elec t r i c i t y ,  kWh 5.8 x lo9 
Man Power, man-yr 9.4 lo4 

Shale 

Steel, MT 2.9 x lo5 
Cement, MT 2.9 x lo5 

, Diesel Fuel, m 3 1.5 x lo6 
Gasoline, m 3 7.5 lo4 . 

Propane, m 3 1.2 lo4 

Elec t r i c i t y ,  kWh 5.4 lo9 
Man Power, man-yr 8.6 x lo4 

Basalt 

Steel, MT 
Cement, MT 
Diesel Fuel, m3 
Gasoline, m 3 

Propane, m 3 

Elec t r i c i t y ,  kWh 
Man Power, man-yr 

(a) Case 3 growth assumption wi th  1990 reposi tor ies and 1990 reprocessing. 



TABLE 7 A . 2  Comparison of Re la t i ve  Resource C m i  t m t s  fo r  t h e  Program A1 ternat lves Using the  Once-Through Fuel cycle(a) 

Case Nuclear Power Growth Assumption Steel. MT Cement. MT Diesel, m3 Gasoline, m3 - 
Present Inventory Only 
Present Capacity wlth Normal 
L l f  e 
250 GWe by Year 2000 with 
Normal L i f e  
250 We by Year 2000 and Steagy 
State t o  2040 
500 GUe System by Year 2040 

Present Inventory Only 
Present Capacity wlth Normal 
L i f e  
250 6We by Year 2000 wlth 
Normal L i f e  
250 EUe by Year 2000 and Steady 
State to 2040 
500 We Systeril by Year 2040 

1 Present Inventory Only 
Present Capacity wlth Normal 
L i f e  
250 We by Year 2000 wlth 
Normal L i f e  

Proposed Program 

-01 to  .02 .03 to  .04 .02 t o  .03 

A1 ternatlve Program 

.008 t o  .02 .03 t o  -04 .02 t o  .03 

No-Action A1 ternative 

0 0 0 

Propane. m 3 

.02 t o  .03 

-28 to -69 

1.0 to 2.7 

2.1 t o  2.2 
2.5 t o  2.6 

.02 to .03 

.62 t o  -80 

2.5 t o  3.9 

3.8 to 4.1 
4.8 t o  5.2 

Electr ici ty, kwh Han-Power, man-yr 

(a) Case 3 with a 1990 reposttory i n  sa l t  was used as the reference fo r  these ratios. 



TABLE 7.5.3 Comparison of Relat ive R ~ S O U K ~  ~ m l t l n e n t s  f o r  the Program A1 ternst ives Using the Reprocessing cycle( a) 

Case Nuclear Power Growth Assmtlon Steel. MI C m t .  MT Diesel. m3 Gasollne. m3 Propane, m3 Electrlclty. kwh kn-power. man-yr - 
Proposed Program 

3 - 250 We by Year 2000 Hlth 
n m a l  L l fe  

4 250 GWe by Year 2000 and Steady 
State to  2040 1.5 to  2.3 2.4 to 2.7 1.2 to  1.4 1.6 to  2.2 1.3 

5 500 GWe Systm by Year 2040 1.7 to  2.9 2.5 to  2.9 1.6 to  2.0 2.1 to  2.7 1.7 

A1 ttrnatlve Prwam 
I 

u 

3 250 We by Year 2000 HIth 
N m a l  Llfe 1.2 to  2.9 1.1 t o  3.8 .93 to  1.4 .57 to  3.5 .97 to  1.0 .94 to  1.0 1.1 to  1.9 I 

4 250 GUe by Year 2000 And Steady 
State to 2040 2.0 to 2.9 2.7 to 2.9 1.6 to  1.9 2.8 to  3.3 1.3 

5 500 We System by Yew 2040 2.5 to  3.5 3.1 to  3.5 2.2 to  2.5 3.5 t o  4.1 1.7 

(a) Case 3 n i th  1990 reprocessing and a 1930 repasltory I n  sal t  was used as the reference for these ratlos. 



Costs for the entire waste management 
include all predisposal and disposal costs 

system are presented i n  this section. The costs 
from reactor discharge of the spent fuel to final 

isolation of the waste i n  a disposal repository. The wastes include spent fuel in the once- 
through cycle and high-level and TRU wastes i n  the reprocessing cycle. The costs include 
the estimated expenditures by the Federal Government for research and development and repos- 
itory nu1 tiple-si t e  qual ~ f i c a t i o n . ( ~ )  I t  is assumed that these R 0  cats will be recov- 
ered i n  accordance w i t h  the President's February 12, 1980 statement, *through fees paid by 
the ut i l i t iesw for storage at  government-owned storage facil i t ies and for disposal at  the 
final disposal repositories. Costs are presented here both i n  terms of total dollars and 
i n  terms of mills/kWh, so that t h e  impact of this waste management on nuclear power costs 
can be put into perspective. 

One of the most important cost components of the waste management systems is the Dep- 
artment of Energy's research and development and s i t e  qualification cost. The estimated 
annual RM) expenditures through 1995 for predisposal management of comnercial wastes are 
tabulated i n  Appendlx Table A.9.5. The estimated annual expenditures for disposal R&D and 
repository s i t e  qual if i cati on work are tabu1 ated i n  Appendix Table A.9.6. Separate sched-- 
ules are shown for each repository startup date considered i n  this analysis. The total 
estimated R&D and multiple s i t e  qualification costs are sumnarized i n  Table 7.6.1. These 
costs also include cumulative' expenditures through 1980. 

TABU 7.6.1 Total Estimated Research and Development and Mu1 t ip le  
Site Qua1 ification Costs, S millions 

Total 
Total Dis~OSal R&D 

Date of First Predisposal and Site 
Case Repository R&D Yerif ication Total 

The RW and multiple s i t e  qualification costs for the year 2000 repository represent 
an estimate for DOE1s present program plan and are consistent w i t h  the program description 
and schedule of activities outlined i n  DOE'S Confidence Rulemaking Statement (DOE/NE-0007 

(a) *When four or five s i tes  have been evaluated and found potenttali; suitable. one or 
more will be selected for further development as a 1 icensed full-scale repository." 
President Carter, Feb. 12, 1980.11 



1980). (This schedule actually leads to a first repository in 1997, so some of the expendi- 
tures occur a 1 i t t l e  earlier than would be the cas= for a year 2000 startup.) For the 1990 
repository opening, costs for activities that could not be completed by that time are 
deleted. Second and t h i r d  repositories i n  1995 and 2000 are assumed. For the 2010 repos- 
itory opening, it has been assumed that the delay i s  caused i n  half by political, regulatory 
or other reasons at no cost and i n  half by technical problems w i t h  siting, licensing or 
other factors. Second and t h i r d  repositories i n  2015 and 2020 are assumed. For the 2020 
and 2030 repository openings (dates wi th in  the alternative program envelope), i t  was assumed 
that expenditures continue at the 1981 level ($190 million/yr) w i t h  the program restruc- 
tured to give equal emphasis to two or three disposal technologies. A t  the year 2000 and' 

2010, respectively, a preferred technology is selected and the expenditure rate i s  reduced 
by one-third. After the ff r s t  repository opening (2020 and 2030, respectively), the expen- 
diture rate is  halved and continues for another 10 years when R&O is  assumed to be I 

completed . 
For Cases 1 and 2, where only one repository is required, the R&D and multiple s i t e  

qua1 ification costs are reduced and .phased out earlier. For the "no-action" a1 ternative 
cases only the costs of R&D expended through 1980 plus the spent fuel storage R&D costs 
(Table A.9.5) are included, for a total of $614 million. 

The total waste management costs in b i  11 ions of do1 1 ars are compared for the program 
alternatives when using the once-through cycle i n  Table 7.6.2 and i n  Table 7.6.3 when using 
the reprocessing cycle. The range of costs takes into account the variation of costs w i t h  
disposal and reprocessing dates and the variation i n  costs w i t h  the four disposal media that 
were considered and include the estimated R&D multiple s i t e  qualification costs. The costs 
increase as one would expect w i t h  the higher nuclear growth assumptions. However, they are 
disproportionally high for the very low growth assumptions because of the fixed costs for fa- 
c i l i t ies  and research and development costs. For the three cases where the no-action alter- 
native was evaluated, the costs are similar to the low end to  mid-range of the range for the 
proposed program. With the once-through cycle, the cost ranges are significantly higher for 

TABLE 7.6.2. Comparison of Total Waste Management Costs for the Program Alternatives 
Using the Once-Through Cycle, $ Billions 

Proposed Program A1 ternative Program 
Nuclear Power Growth (6eologic Disposal (Disposal Starting No-Action 

Case - Ass umpt i on Startlng 1990 - 20101 2010 - 2030) A1 ternat i ve 

1 Present Inventory Only 5.1 to 7.6 . 7.4 to 14 6.4 
2 Present Capacity 

and Normal Life 11 to 18 16 to 24 12 
3 250GWeSystemby 

Year 2000 and Normal 
Life 39 to 68 60 to 82 . 49 

4 250 6He System by 
Year 2000 and Steady - 
State 61 to 72 87 to 98 ~ ( a )  

5 500 GWe System by Year 2040 78 to 93 116 to 131 NA 

(a) NA = not applicable. 



TABLE 7.6.3. Comparison o f  Total Waste Ma a ement Costs for the Program Alternatives P P Using the Reprocessing Cycle, a $ Bi l l ions 

Proposed Program Alternative Program 
Nuclear Power Growth (Geologic Disposal (Disposal Start ing No-Action 

Case - Ass umpti on Starting 1990 - 20101 2010 - 2030) A1 ternative 

N J \ ( ~ )  1 Present Inventory Only NA NA 
2 Present Capacity and 

NA Normal L i f e  NA NA 
3 250 GHe System by 

Year 2000 and Normal 
L i f e  59 t o  90 58 t o  90 NA 

4 250 GWe System by 
Year 2000 and Steady 
State 87 t o  108 89 t o  104 NA 

5 500 GWe System by Year 2040 . 114 t o  146 116 t o  137 UA 

(a) Assumed reprocessing startup dates range from 1990 t o  2010. 
(b) NA not applicable. 

the alternative program than fo r  the proposed or no-action alternatives. With the reproces- 
sing cycle, the cost ranges are about the same for both the proposed and alternative 
programs . 

Costs fo r  the program alternative are compared on the bash of levelized un i t  costs i n  
t e r n  o f  mills/kWh at a 0% discount rate i n  Table 7.6.4 f o r  the once-through cycle and 
Table 7.6.5 fo r  the reprocessing cycle. On t h i s  basis, u n i t  cost ranges f o r  the present 
inventory case (Case 1) are much higher than the other cases because of the small quantity 
of kilowatt-hours generated i n  t h i s  case re la t i ve  t o  the f ixed costs. With the present cap- 
ac i ty  case (Case 2), the costs drop to  about 1/3 of the Case 1 costs. For the once-through 
cycle, the alternative program un i t  costs range higher than the proposed program and the no- 

action a1 ternative costs l i e  at the l o w  end to  rnid-range of the proposed program cost 
range. Costs are higher fo r  the proposed program using the reprocessing cycle than are the 
costs of the oncethrough cycle, but the cost range f o r  the alternative program i s  almost 

identical to  the proposed program range. 

When a discount rate larger than zero i s  used to  calculate levelized costs, the d i f f e r -  
ences between the proposed progrm and the alternative program and differences between once- 
through and reprocessing cycles become less pronounced. This i s  shown in,Tables 7.6.6 and 
7.6.7, which compare the costs for the once-through cycle and the reprocessing cycle on the 
basIs of a 7% discount. rate and i n  Tables 7.6.8 and 7.6.9, which compare the same cost 
ranges on the basis of a 10% discount rate. 

I 

A t  a 7% discount rate, cost differences between the proposed program and the a1 terna- 

t i ve  program are not signif icant f o r  either the once-through cycle or the reprocessing 
cycle. Costs fo r  the reprocessing cycle range mostly about 10% higher t o  as much as 30% 

h i  gher than f o r  the once-through cycle. - 
A t  a 10% discount rate, as with a 7% rate, the cost differences between the proposed 

program and the alternative program are not signif icant. The costs fo r  the reprocessing 

cycle range from s l i gh t l y  higher t o  as much as 15% higher than f o r  the once-through cycle. 



Case - 
1 
2 

3 

4 

5 

TABLE 7.6.4. Comparison of Levelired Waste-Management unit Costs for the Program 
Alternati Using the Once-Through Cycle and a 0% Discount Rate, r s mills/kWh a 

Nuclear Power Growth 
Ass umpti on . 

Present Inventory Only 
Present Capacity and 
Normal Life 
250 Gtle System by 
year 2000 and Normal Life 
250 GbIe System by 
Year 2000 and Steady 
State 
500 We System by 
Year 2040 

Proposed Program Alternative Program 
(Ceologi c Disposal (Disposal Starting 

Starting 1990 - 20101 2010 - 2030) 

2.9 to 4.3 4.2 to 7.7 

1.0 t o  1.6 1.5 to  2.2 

convert mills/kWh to $/kg HM multiply by 233. 
= n o t  applicable. 

Case - 
1 
2 

3 

4 

5 

No-Action 
A1 ternati ve 

TABLE 7.6.5: Comparison of Level ired ~as te -~ana~ehent  U n i t  Costs for' the Program 
Alternatives Using the Reprocessing Cycle and a 0% Discount Rate, 
m i  11 s/kW 

Nuclear Power Growth 
Ass umpt i on 

Present Inventory On1 y 
Present Capacity and 
Normal Life 
250 We System by 
Year 2000 and Normal Life 
250 GWe System by . 
Year 2000 and Steady 
State 
500 We System by 
Year 2040 

(a) NA = not applicable. 

, Proposed Program 
(Geologic Disposal 

Starting 1990 - 2010) 

HA( a) 

A1 ternative Program 
(Disposal Starti ng No-Action 

2010 - 2030) A1 ternat i ve 

A series of tables In Appendix A (Tables A.9.3a to A.9.4~) present total u n i t  costs for 
each of the four geologic media over the range of 0 to 10% discount rates. These tabula- 
tions indicate generally small variations i n  total unit costs w i t h  the different repository 
media. The largest differences show up i n  the reprocessing cycle wi th  early reprocessing. 

Another series of tables i n  Appendix A (Tables A.9.la to A.9.2~) show a breakdown of 
the total u n i t  costs between spent fuel storage and transport, spent fuel treatment, other 
waste treatment storage and transport, disposal, and research and developnent. These tables 
show that for the once-through cycle, the research and develophent and s i t e  qualification 
cost i s  the dominant cost over the entire range of discount rates in the present inventory 
case. For the higher nuclear growth cases (cases 3, 4 and 5), research and development 
costs are less than 10% of the total costs a t  a 0% discount rate but  account for one-third 
to one-half the cost a t  a 10% discount rate. Disposal costs tend to become a smaller 



Case - 
1 
2 

3 

4 

5 

TABLE 7.6.6. Comparison of Level ized Waste-Management U n i t  Costs for the Program 
Alternatives Using the Once-Through Cycle and a 7% Discount Rate, 
millsjkh 

Nuclear Power Growth 
Assmpti on 

Present Inventory Only 
Present Capacity and 
Normal Life 
250 GGIe system by 
Year 2000 and Normal Life 
250 We System by . 
Year 2000 and Steady 
State 
500 GWe System by 
Year 2040 - 

Proposed Program 
(Geologic Dispos a1 

Starting 1990 - 2010) 

A1 ternati ve Program 
(Dispos a1 Starting No-Action 

2010 - 2030) A1 ternati ve 

(a) NA = not applf cable, 

TABLE 7.6.7, Comparison of Level ized Waste-Management U n i t  Costs for the Program 
Alternatives Using the Reprocessing Cycle and a 7% Discount Rate, , 
m i  11 s/kWh , .  

Proposed Program Alternative Proctram 
Nucl ear Power Growth (~eologic ~isposal  (Disposal starting No-Action 

Case - Assumption Starting 1990 - 2010) 2010 - 2030) Alternative 

Present Inventory Only 
Present Capacity and 
Normal Life 
250 Gwe System by 
Year 2000 and Normal Life 
250 GWe system by 
Year 2000 and Steady 
State 
500 GWe System by 
Year 2040 

(a) NA = not applicable. 

portion of the total as the discount rate increases because they are incurred a number of 
years after the power is generated and thus are discounted proportionately more. In the 
reprocessing cycle, the research and development costs also, as i n  the once-throuh cycle, 
increase i n  importance as the discount rate is increased. Waste treatment and storage 
cdsts drop off significantly as the discount rate increases because these costs are de- 
ferred relative t o  the time of power generation. In ,both cycles, al though spent-fuel 
storage wd transport costs decline as the discount yate, increases', they always,remain a 
substantial portion of the total cost because they are incurred relatively soon after dis- 

charge and thus are not as heavily discounted as some of the other costs. For example, i n  
the reprocessing cycle, spent-fuel storage and transport costs account for 30 to 60% of the 
total costs at a 10% discount rate compared to 20 to  50% at, avo% discount rate.. 

Although the total expenditure for waste management is quite large, it does not, except 
for the present inventory case, add more than 2 to  10%; and most likely not more than 3%, t o  



TABLE 7.6.8. Comparison of Level ized Waste-Management Costs .for the Program 
Alternatives Using the Once-Through Cycle and a 10% Discount Rate, 
millsjkblh 

Proposed Program A1 ternative Program 
Nuclear Power Growth (Geologic Disposal (Disposal Starting No-Action 

Case - Assumption Starting 1990 - 2010) 2010 - 2030) A1 ternati ve 

1 Present Inventory Only 1.2 to 1.4 1.2 to 1.4 0.61 
2 Present Capacity and 

Normal Life 0.77 t o  0.83 0.77 to  0.85 0.50 
3 2506tIesystemby 

Year 2000 and Normal Life 0.58 t o  0.65 0.58 to 0.61 0.44 
4 250 We System by 

Year 2000and Steady 
State 0.61 t o  0.63 0.60 to  0.61 HAW 

5 500 We System by 
Year 2040 0.60 to  0.62 0.59 t o  0.60 NA 

(a) NA = not available. 

TABLE 7.6.9. Cmparlson of Levellzed edaste+knagement Costs for the program 
Alternatives Using the Reprocessing Cycle and a 10% Discount Rate, . 
m i  lls/kWh 

Nuclear Power Growth 
Case - Ass umpti on 

1 Present Inventory Only 
2 Present Capacity and 

Normal Life 
3 250 Gwe System by 

Year 2000 and Normal Life 
4 250 Me system by 

Year 2000 and Steady 
State 

5 500 We System by 
Year 2040 

Proposed Program 
(Geologic Disposal 

Startinq 1990 - 2010) 

0.63 ' to 0.66 

A1 ternative Program 
(Disposal Starting No-Action 

2010 - 2030) A1 ternative 

NA NA 

0.62 t o  0.63 ' H A  

(a) NA = not available. 

the total cost of nuclear power generation, which is estimated i n  terms of 1978 dollars to 
range from 25 to 35 millslkklh for a new facility. I t  is also of interest to note that 
although the estimated expenditures for R&D and repository s i t e  qualification are very 
large, they amount to less than 0.5 mills/kWh (except i n  the present inventory case when i t  
amounts t o  2 to 5 mills/kWh at a 0!4 discount rate) when allocated to the generated electri- 
cal energy. 



The system simulation analysis shows that the environmental impact of high-level and 
TRU waste management will be only slightly affected by waste management programs and the 
program strategy selected by DOE. More specifically, regarding the three program alterna- 
tives considered i n  t h i s  statement, the following conclusions can be drawn: 

1. Radiation dose accumulations for normal operation of the required faci l i t ies  
increase as the size of the nuclear system increase. Neither the dose accumula- 
tion nor health effects are si gnif Scantly different for the program a1 ternatives 
i n  either the once-through or reprocessing cycles. The dose accumulation w i t h  
spent fuel reprocessing is 0.5% of the regional and 0.003% of the worldwide dose 
from natural causes over the same period. 

For the once-through cycle, assuming continued nuclear growth, the regional 70- 
year whole body radiation dose accumulation over the period considered here l ies  
i n  the range of 1,000 to 2,000 man-rem; an additional 400 to  1,000 man-rem are 
estimated for the worldwi& accumulation. Comparable dose accumulations for the 
reprocessing cycle range from 13,000 t o  46,00d man-rem for a region and !30,000 to  
1,400,000 man-rem worldwide. 

2. Resource comnitments also increase w i t h  increasing size of the nuclear system. 
With the once-through cycle, resource requirements for the alternative program 
range up to 2 to 3 times higher than for the proposed program. U i t h  the reproces- 
s ing  cycle, resource requirements for the alternative program are about the same 
to slightly higher than for the proposed program. Resource commitment variations 
relative to different 'geologic media are relatively small. Requirements for 
reprocessing are somewhat higher than for the once-through cycle for steel,  
cement, electricity, and manpower; about the same to  somewhat higher for  diesel 
fuel and gasoline; and substantially higher for propane. For all cases, resource 
requirements are a small fraction of current U. S. consumption rates. 

3. Waste-management costs increase w i t h  increasing size of the nuclear system b u t  

u n i t  costs are disproportionally high for the very low-growth cases. With the 
once-through cycle, the cost range is significantly higher for the a1 ternative 
program than for the proposed program. With the reprocessing cycle, the cost 
ranges are about the same for both a1 ternatives. The no-action alternative costs 
are simil ar to the low end of the cost range for the proposed progrm w i t h  the 
once-through cycle. 

Levelized u n i t  costs i n  terms of mil ls/kWh are sensitive to  the discount rate. 
A t  a OX discount rate, the alternative program costs are significantly higher than 
the proposed program costs for the once-through cycle bu t  are about the same for 
the reprocessing cycle. Costs for the reprocessing cycle are higher than costs 
for the once-through cycle. A t  discount rates i n  the range of 7 to  lo%, the dif- 
ferences between the proposed and alternative programs and between the once- 
through and reprocessing cycles become insignificant . 



U n i t  costs for the present inventory and present capacity cases' are substantially 
higher than for the higher nuclear growth cases because of the small amount of 
electricity generated relative to the fixed costs. 

Assuming a 7% discount rate and corkinued growth of the nuclear itidustry, total 
high-level and TRU waste management costs l i e  i n  the range of 0.6 t o  1.0 mil l /kWh.  

4. Interim storage requirements for spent fuel are substantially greater for the 
alternative program than for the proposed program wi th  the once-through cycle. 
With the reprocessing cycle, spent fuel storage requirements are controlled by - 

reprocessing capacity and are not sensitive'to the waste management program alter- 
natives. Storage requirements for reprocessing waste, however, become substantial 
w i t h  the a1 ternative program. 

Spent fuel  storage requirements are maximized w i t h  the no-ac tion a1 ternative. 

5. Transportation requirements are higher for the alternative program compared to  the 
proposed program w i t h  both the once-through and the reprocessing fuel cycles. 

Transportation requirements are minimized w i t h  the no-action alternative. 

6. Age of the waste. A potentially beneficial aspect of the alternative program 4s 
the aging of the waste, which results i n  reduced radioactivity and heat generation 
rates which can be used to redlice repository space requirements or to  further 
reduce the temperatures i n .  the repository. 

7. Geologic repository requirements are sensitive to  the geologic medium selected, 
the nuclear growth rate, and the fuel c ~ l e  employed. For the highest growth 
assumption considered here, these requirements for operations through the 
year 2040 range from two to seven 800-hectare repositories for the once-through 
cycle and from four to nine 800-hectare repositories for the reprocessing cycle. 

8. The radioactivity inventory i n  disposal repositories is proportional to the nuc- 
lear energy generated. The ultimate accumulation is not sensitive to the time 
when disposal comnences bu t  is affected by the amount of plutonium recycled and 
t h u s  t o  the time when recycle i s  started. 

The inventory of fission and activation products i s  closely similar for both the 
once-through and reprocessing cycles. However, the actinide radioactivity inven- 
tory is larger for the once-through cycle than for the reprocessing cycle because 
all of the plutonium remains w i t h  the spent fuel. The difference i n  actinide 
activity between the two cycles is  not, however, proportional to  the amount of 
plutonium i n  the waste. T h i s  i s  because recycle of plutonium produces more of the 
higher actinides (e.g., americium and curium Isotopes), which are discarded i n  the 
wastes. Thus, rather than a factor of 100, which could be expected on the basis 
of the amount of plutonium discarded, the actinide activity in_the spent fuel 
waste i s  on the order of only 2 to 10 times larger than the reprocessing cycle 
wastes. 
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8.1 

CHAPTER 8 

GLOSSARY OF KEY TERMS AND ACRONYMS 

Abiotic: characterized by the absence of life. 

Abyssal Hill : relatively small topographic feature o f  the deep ocean floor ranging to  
600 to  900 m h i g h  and a few kilometers wide. 

Actinides: Radioactive elements w i t h  atomic number larger than 88. 

Activation: The process of making a materi a1 radioactive by bombardment w i t h  neutrons, pro- 
tons, or other nuclear particles. 

Activity: A measure of the rate a t  which radioactive material is emitting radiation; 
usually given i n  terms of  the number of nuclear disintegrations occurring i n  a given 
quantity of material over a u n i t  of time. The special u n i t  of activity i s  the curie (Ci). 

AFR: Away-f ran-reac tor (spent fuel storage concept). 

Aging: Usually refers to time to permit decay of short-lived radionuclides. 

ALAP: As low as practicable, now generally replaced w i t h  ALMA (as low as reasonably 
achievable). 

ALARA: As law as reasonably achievable. ALARA refers to  limiting release and exposure and 
is used by the NRC (10 CFR 50.34) i n  the context of '. . . as low as reasonably achievable 
taking into account the state of technology, and the economics of improvements i n  relation 
t o  benefits to the public health and safety and other societal and socioeconomic 
considerations. . .' 

Allmance Item: A number, arrived at  by judgement, that represents material or equipment 
cost that cannot be developed otherwise because of the absence of design detail. 

Alluvial Fan: A sloping, fan-shaped mass' of loose rock material deposited by a stream a t  
the place where i t  emerges fran an upland onto a broad valley or a plain. 

Alluvium: All detrital material deposited permanently or i n  transit by streams. 

Alpha Particle: A positively charged particle emitted by certain radioactive material. I t  
'is made up of two neutrons and two protons; hence it is identical w i t h  the nucleus of a 
helium atom. 

Amphibole: A group of dark, rock-forming, $erromagnesian si l icate minerals which are 
closely related i n  crystal form and composition and which have abundant and wide dis t r ibu-  
tion i n  igneous and metamorphic rocks. 

Andesitic: A volcanic rock composed primarily of the plagioclase feldspar andesine and one 
or more mafic constituents. 

Anion: An ion that i s  negatively charged. 

Anticline: A fold, the core of which contains stratigraphically older rocks, which i n  sim- 
plest form is elongate and convex upward w i t h  the two limbs dipping away from each other. 

APS: Atmospheric protection system. - 
Aquifer: A water-bearing layer of permeable rock or soil that w i l l  yield water i n  usable 

quantities to  uells. 



Aquitard: A natural rock or soil of low permeability which is stratfgraphically adjacent to 
one or more aquifers and through which water movement is markedly retarded or impeded. 

Argillaceous: Containing or pertaining to clay. 

Artesian: When pertaining to  an aquifer, it is one that is confined so that its hydraulic 
head rises above the top of the aquifer u n i t ;  t h u s  an artesian water body is one that is 
confi ned under hydraulic pressure. 

Atom: An electrically neutral particle of matter, indivisible by chemical means. 

Atomic lumber: The number of protons within an atomic nucleus. 

Atomic Weight: The mass of an atom relative to  other atoms. 

Back End of the Fuel Cycle: Includes spent fuel storage, fuel reprocessing, mixed-oxide 
fuel fabrication, and waste management. 

Background Radiation: The radiation i n  man's natural and undisturbed environment. I t  
results f r m  cosmic rqys and f r m  the naturally radioactive elements of the earth, includ- 
ing those from w i t h i n  the human body. 

Basement Rock: A complex of undifferentiated rocks that underlies the oldest identff i able 
rocks i n  the area. 

Basin: A depressed area generally having no outlet for surface water. 

Batholith: A shield-shaped mass of igneous-intruded rock, greater than 100 km2 i n  area, 
extending to great depth and whose diameter increases w i t h  depth. 

Bedrock: A solid rock formation usually underlying one or more other loose formations. 

Benthic: Refers to  the bottom of a body of water. 

Bentonitic: Pertaining to  rock containing bentonite, a clay formed from the decomposition 
of volcanic ash. 

Biosphere: The part of the earth i n  which l i f e  can exist, including the lithosphere, hydro- 
sphere, and atmosphere; living beings together wi th  their environment. 

Biota: The animal and plant l i f e  of a region. 

Biotite: A complex si l icate of aluminum, potassium, magnesium, and iron w i t h  hydroxyl that 
is a widely distributed and important rock-forming mineral of the mica group. ? 

Block-Faulting: A type of vertical faulting i n  which the crust is divided into structural 
or fault blocks of different elevations and orientations. , 

1 

Boiliig Water Reactor (BWR) : A reactor system that uses a boiling water primary cooling 
system. Primary cooling system steam turns turbines to generate electricity. ' 

Borosilicate Glass: A si l icate glass containing a t  least 5 percent boric acid and used to 
vitr ify calcined waste. 

Breccia: A course-grained clast ic  rock composed of large, angular, and broken rock frag- 
ments cemented together i n  a finer grained matrix. 

I 

Burial Grounds: Areas designated for disposal of containers of radioactive wastes and obso- 
lete or worn-out equipment by near-surf x e  burl a1 . - 

Calcine: Material heated to a temperature below its melting point t o  bring about loss of 
moisture and oxidati on. 

Canister: A metal container for  radioactive solid waste. 



Cask: A container that provides shielding and containment during transportation o f  radioac- 
t i v e  materials. 

Catastrophic: A violent, sudden or unexpected event which results i n  f a i l u re  o f  the pre- 
dicted performance of a system or component. 

Cation: An ion that i s  posit ively charged. 

Cation Exchange ~hroinato&aphy (CEC): A process f o r  separating several cations using the 
differences i n  the rate they travel on an ion exchange column. 

Cermet: A material made by combining a heat resistant ceramic with a metal usually made by 
.powder metallurgy. 

CH-TRU: contact-handled TRU waste. 

Clastic: Pertaining t o  or the state o f  being a rock or sediment composed pr inc ipal ly  o f  
broken fragments derived from preexisting rocks or minerals, 

Colocated: Refers t o  location of f a c i l i t i e s  a t  a comnon site. 

Concentration Guide: The average concentration o f  a radionuclide i n  a i r  or water t o  which a 
a worker or member of the general public may be contfnuwsly exposed without exceeding 
radiation dose standards. 

Consolidated (material): I n  geology, natural materials that have been made fim, cohesive, 
and hard. 

Contact-Handled Waste: Waste package having surface dose rate less than 0.2 R/hr. Such 
packages can be handled by workers without extensive shielding. Contact-handled wastes 
were termed lm- level  wastes i n  DOEIET-0028 and DOVEr-0029. 

Containment: Confining the radioactive wastes within presented boundaries, e.g., within a 
waste package. 

Contingency (cost): The amount o f  money added t o  the estimated cost o f  a project t o  cover 
certain areas of cost uncertainty and reduce the probabi l i ty o f  understating the project 
cost estimate. With the contingency added, there i s  a more nearly equal probabi l i ty o f  a 
cost underrun or overrun. 

Cost o f  Money: Weighted cost of debt and equity financing. ' Cost of money i s  used qnony- 
mously with cost o f  capital. . 

Cr i t i ca l  Mass: The mass o f  fissionable material o f  a part icular shape that  i s  jus t  su f f i -  
c ient t o  sustain a nuclear chain reaction. 

. ,  
C r i t i ca t i  ty: The condition i n  which a nuclear reactor i s  jus t  se l f  -sustaining. 

Crystall ine Rock: An inexact but convenient tern designating an igneous or metamorphic 
rock, as opposed to  a sedimentary rock. 

Curie (Ci): A special un i t  o f  ac t i v i t y  where 1 C i  equals 3.7 x 1010 spontaneous nuclear 
disintegrations per second. 

Daughter Nucl i de: A nucl i de formed upon disintegration o f  a parent aradionucl ide. 

~ec&iss ion in~:  Preparations taken fo r  retirement from active service o f  nuclear f a c i l i -  
t ies, accompanied by the execution of a program t o  reduce or stabi l ize radioactive con- 
tamination. The objective of decomnissioning i s  t o  place the f a c i l i t y  i n  such a condition 
that future r i s k  to  public safety from the f a c i l i t y  i s  within acceptable bounds. - 

Decontamination: The selective removal of radioactive material from a surface or from 
within another material. 



Decontamination Factor (DF): The r a t io  of the original contaminatiotr level t o  the contami- 
nation 1 eve1 af ter  decontamination. 

Deep Continental Geologic Formations: Geologic media beneath the continents and isolated 
from the land surface by several hundred t o  thousands of meters of overlying rock 
material. 

Depositional Envi ronment ( sedimentary environment) : A geographical 1 y restricted environment 
where sediment accumulates under similar physical; chemical, and biological conditions. 

Devitrification: The process by which glassy substances lose the i r  vitreous nature and 
become crystalline. 

Diaprisim: The piercing of overlying rocks by an upward-moving mobile core or material, 
such as a s a l t  body or an igneous intrusfon. 

Discharge: In ground-water hydrology, water that issues naturally or is withdrawn from an 
aquifer. 

Disposal (radioactive waste) : The planned release of radioactive waste in a manner which is 
considered pennanent so that  recovery is not provided for. 

Dome: A dome-shaped landform or rock mass; a large igneous intrusion whose surface is con- 
vex upward w i t h  sides sloping away a t  low b u t  gradually increasing angles; an upl i f t  or 
an anticlinal structure, either circular or e l l ip t ica l  in outline, in which the rock dips 
gently away in a l l  directions, fo r  example, a s a l t  dame. 

Dissolution: In this context it refers t o  the dissolving of spent fuel by n i t r i c  acid as a 
process step in fuel reprocessing. 

Dose: Herein generally means the more rigorous term mdose-equivalent.u The la t te r ,  
expressed in units of rem, implies. a consistent basis for  estimates of consequential 
health risk, regardless of rate, quantity, source, or quality of the radiation exposure. 

DOT: U.S. Department of Transportation. 

Dry Storage: Storage of waste packages uithout li quid cooling. 

EIA: Energy Information Administrati on. 

P A :  U.S. Environmental Protection Agency. 

Epeirogeny: The broad movements of up l i f t  and subsidence wh'ich affect whole or large por- 
t ions of continents, or ocean basins. 

Fault: A fracture or fracture zone along which there has been displacement of the sides 
relative t o  one another parallel t o  the fracture. 

Fault Block: A crustal unit either completely or partly bounded by faults. 

Fault Systern: A system of parallel or nearly parallel fau l t s  that  are related t o  a particu- 
l a r  deformational episode. 

Feldspar: Any of a group of comnon rock-forming minerals that  are s i l i ca tes  of alumina and 
some other base, such as potash, soda, or Ifme. 

Fission (nuclear): The spl i t t ing of a nucleus into two or (rarely) more fragments; usually 
limited to heavier nuclei such as isotopes of uranium, plutonium, and thorium. 

Fission Product: Any radioactive or  stable nuclide produced by fission, including both pri- 
mary fission fragments and their  radioactive decay products. - 

Fissionable Material: Actinides capable of undergoing f iss ion by interaction w i t h  neutrons 
of a l l  energies. 



FPF: Fuel packaging facility. 

Fracture: breaks i n  racks caused by intense folding or faulting or the process of breaking 
fluid-bearing strata by injecting a fluid under such pressure as to cause partings i n  the 
rock. 

Freshwater Lens: A body of fresh water roughly shaped like a lens formed as a result of 
injecting freshwater into a sal t  water body or occurring naturally when precipitation 
infi l t rates a saline aquifer. 

Fuel (nuclear reactor) : Fissionable material used as the source of pmer uhen placed i n  a 
cri t ical  arrangement i n  a nuclear reactor. 

Fuel Cycle: Mining, refining, enrichment, and fabrication of fuel elements, use i n  a 
reactor, chemical processing to recover the fissionable material remaining i n  the spent 
fuel, reenrichment of the fuel material, refabrication of new fuel elements, and manage- 
ment of radioactive waste. 

Fuel Element: A tube, rod, or other form into which fissionable material is fabricated for 
use i n  a reactor. 

Fuel Reprocessing Plant (FRP): Plant where irradiated fuel elements are dissolved, waste 
materials removed, and reusable materials are segregated for reuse. 

Fuel Residue Waste (FRU): Solid wastes consisting of the residue (fuel element hardware and 
chopped cladding materi al) after the bulk  of fuel core material, including most of the 
actinides and fission products, has been dissolved i n  ni tr ic  acid. 

Gamna Ray:  Electromagnetic radiation, similar i n  nature to  x-rays, emitted by the nuclei 
of some radloactive substances during radioactive decay. 

GUS: Generic Environmental Impact Statement. 

Geohydrology: The study of the character, source, and mode of occurrence of underground 
water. 

Geothermal: Pertaining to the heat of the interior of the earth. 

Geothermal Gradient: The increasing temperature of the earth w i t h  depth. 

GESMO: Generic Environmental Impact Statement on use of Mixed-Oxide fuel i n  LWRs. 

Granitic: O f  or pertaining to granite. Granite-like. 

Granitoid: A textural term indicating grain size and mineral distribution typical of 
granite. 

Ground Water: Water that exists or flows w i t h i n  the zone of saturation beneath the land 
surf ace. 

Grout: A mortar fluid cohined w i t h  liquid' waste to  provide a matrix for isolation of the 
waste and to seal the waste fran the environment. 

6We: Gigawatts (billions of watts) of electrical generation; a rate of energy production. 

Gyre: A large closed ringlike system of ocean currents which rotates i n  a circular motion 
i n  each of the major ocean basins. 

.Half-life: a) physical--the time required for, quantity of a radioactive substance to  decay 
to one-half of i t s  original quantity. b) biological--time required for half of an 
ingested or inhaled substance to be eliminated from the body by mtural process. 
c )  effective--time required for half of an ingested or inhaled radioactive substance t o  
be eliminated from the body by the combination of radioactive decay and natural processes; 
mathematically equal to  product of the physical and biological half-lives divided by the 
sum gf the physical and biological half -1 ives. 



Head End of the Fuel Cycle: Mining, milling,.enrfchrnent, and fabrication of UO2 fuel. 

HEPA: High-efficiency particulate a i r  ( f i l t e r ) .  

High-Level Liquid Waste (HLLW): The aqueous waste resulting from operation of the f i r s t  
cycle solvent extraction system (or i t s  equivalent) In a f ac i l i t y  for reprocessing irradi- 
ated reactor fuels as well as concentrated wastes from subsequent cycles. 

~ i ~ h - ~ e v e l  Waste (HLW): DOE management directives define high-level waste t o  include high- 
level liquid wastes, products from solidification of high-level l i q u i d  waste, and irradi- 
ated fuel elements if discarded without reprocessing. A proposed NRC regulation (10 CFR 
60.3) defines high-level waste t o  include irradiated fuel, high-level liquid waste, and 
products from its solidification, In the GEIS there are instances, however, where d i s -  
carded spent fuel and high-level waste (as wastes from the reprocessing of spent fuel)  are 
cited separately. 

Highly Enriched Uranium (HEU): Uranium containing 5% or more of added 235~.  

HM: Heavy metal, generally uranium and plutonium, 

Hornblende: A comnon menher of the amphibole group of minerals. 

Hot Cell: A f ac i l i t y  which allows remote viewing and manipulation of radioactive 
substances. 

Hydraulic Gradient: The change in s t a t i c  head per u n i t  of la teral  distance in  a given 
direction. 

Hydrologic: Pertaining to  the study of the properties, distribution and circulation of 
water on the surface of the land, in  the soil and underlying rocks, and i n  the latmosphere. 

Hydrostatic Pressure: The pressure exerted by the water a t  any given point in  a body of 
water a t  rest. 

ICPP: Idaho Chemical Processing Plant. 

ICRP: International Commission on Radiological Protection. 

ILLW: Intermediate-level l i q u i d  waste; 

Imnobilization: Treatment and/or emplacement of the wastes so as t o  impede their  movement. 

Interim Storage: Stora e operations for  which a) monitorin and human control are provlded 

expected. 
7 1 and b) subsequent act on involving treatment, transportat on, or f inal  disposition i s  

Interstices: In geology, small openings between solid particles in a rock or unconsolidated 
material; may be a vofd or pore and often contains ground water. In te rs t i t i a l  permea- 
b i l i t y  i s  used to  differentiate interconnected pore permeability from fracture 
permeabi 7 i ty. 

Ion Exchange: Replacement of ions adsorbed on a solid, such as a clay particle, or exposed 
a t  the surface of a solid by ions from solution, usually in natural water. The phenomenon 
is known to  occur when natural water moves through clays, zeo l f t ic  rocks, and other mate- 
r i a l s  of the earth's crust. 

ISFS: Independent spent fuel storage. 

ISFSF: Independent spent fuel storage f aci 1 i ty. 

Isolation: Segregatin wastes from the accessible environment (biosphere) to the extent 
required to meet app 1 icable radfological performance objectives. ' 

Joint: A fracture or parting in a rock, along which l i t t l e  or no displacement of rock mate- 
r i a l  has occurred. 



Kaolinite: A comnon clqy consisting mainly of hydrous aluminum sil icate and closely related 
i n  chemical cornposi tion and crystal structure. 

Kilawatt-hour (kwh): Use of electricity for one hour a t  a rate of 1000 watts. 

Levelized U n i t  Cost: Capital and operating charges translated into an equivalent constant 
(or level) annual u n i t  cost. 

Light Yater Reactor (LWR): May be either a BWR or PWR; uses as coolant ordinary water (H20) 
instead of heavy water (020). 

Lithif ication: The conversion of unconsolidated sediment i nto solid rock by processes such 
as compaction, cementation, and crystallization. 

Lithology: The study of rocks. Also the character of  a rock: its .structure, color, 
mineral composition, grain size, and arrangement of its component parts. 

Lithostatic pressure: The confining pressure a t  depth i n  the crust of the earth due to  the 
weight of the overlying rocks, 

Littoral: Belonging to, inhabiting or taking place on or near the shore of a body of water. 

Low Enriched anium (LEU) : Uranium containg less than 5% by weight but greater than 0.72% 
by wight dl". 

M&M Shaft: Men and Materials shaft a t  a mined repository. 

Maflc: Pertaining to or composed dominantly of magnesium rock-forming silicates. 

Magmatism: The development, movement, and solidification to igneous rock, of magma, a natu- 
rally occurring mobile rock material, generated w i t h i n  the earth and capable of intrusion 
and extrusion, 

Maximum Ind ividual, Maximum-Exposed Individual : A person whose location and habits tend to 
maximize his radiation dose. 

Megawatts (MW): Millions of watts. 

Mica: A group of silicate minerals of aluminium and other bases, especially potassium, mag- 
nesium, and iron, and characterized by great perfection of cleavage i n  one direction, that 
produces t h i n ,  tough, elastic plates. 

Mixed-Oxide Fuel Fabrication Plant (MOX-FFP): Plant where uranium oxide and plutonium oxide 
are mixed and fabricated into fuel elements for use i n  nuclear power plants. 

MOX: Mixed oxides (of uranium and plutonium). 

MTHM: Metric tons of heavy metal (usually refers to reactor fuel, i n  which the heavy metals 
are uranium and plutonium). 

Muckin and/or Settling Ponds: Ponds next to drilling operations where the excavated md 
or s ! urry is placed; the sediment that set t les a t  the bottom of  these ponds I s  called 
muck. 

Multibarrier: A system using the waste form, the container (canister), the overpack, the 
emplacement medium, and surrounding geologic media as multiple barriers to isolate the 
waste from the biosphere. 

NAS: . National Academy of Sciences. * .  - 
NASA: National Aeronautics and Space Administration. 

NCRP: National Council on Radiation Protection and Measurement. 



Neutron: 'Stable particle in a nucleus of very slightly greater mass- than a proton but with- 
out nuclear change. 

NOx: Oxides of nitrogen, specifically NO and N02. 

NRC: Nuclear Regulatory Cormii ssion. 

Nucleus: The inner core of the atom, consisting primarily of neturons and protons, which 
make up almost the ent i re  mass of the atom b u t  only a minute part  of its volume. 

Nuclide: A species of atom characterized by its mass number, atomic number, and nuclear 
energy state;  t o  be regarded as a dis t inct  nuclide the atan must be capable of existing 
for a measureable lifetime in its nuclear energy state. 

Olivine: An 01 ive-green, common rock-f ormirlg f erromagnesian si 1 icate mineral of maf ic, 
Ultramafic, and low-silica igneous rocks. 

ONWI: Office of Nuclear Waste Isolation a t  Battelle Memorial Intitute,  Columbus, Ohio; 
under contract t o  DOE. 

Operations: Broad c1 assif ication of waste management activi t i e s  in  terms of their  basic 
function (e. g., waste storage, treatment, transportation or disposal). 

ORNL: Oak R l  dge National Laboratory. 

Overpack: Secondary (or additional) external containment for  packaged nuclear waste. 

Outcrop: A part of a body of rack tha t  appears, bare and exposed, a t  the surface of the 
ground. 

Parent Nuclide: A radionuclide that upon disintegration yields a specified nuclide, e i ther  
directly or as a la te r  member of a radioattive decay series. 

Partition: To separate one (or  more) element(s) from one (or  more) other element(s). Exam- 
ples include the separation of uranium and plutonium from each other, the separation of 
actinides and fission products in the waste, and the separation of one fisson product from 
the other fission products. 

Perihelion: The point in the o r b i t  of a celest ia l  body that  is closest t o  the sun. 

Permeability: The quality or s ta te  of belng permeable. The relat ive ease w i t h  which a 
porous medium can transmit a liquid under a hydraulic gradient. 

Peridotite: A coarse-grained plutonic igneous rock composed chiefly of the mineral olivtne 
b u t  also containing considerable amounts of other ferromagnesian minerals. 

Plagioclase: The group of common rock-forming feldspar minerals; s i l i ca tes  of varying mix- 
tures of sodium and calcium. 

Pluton: A body of intrusive igneous rock of any shape or size. 

Pluvial: Pertaining to  a period of time in which rainfall  or precipitation i s  abundant. 

PNL: Pacific Northwest Laboratory operated for DOE by Battell e Memorial Institute. 
I 

Porosity: That property of a rock or soi l  which enables the rock or soi l  t o  contain water 
i n  voids or interstices, usually expressed in percentage or as a decimal fraction of void 
volume as compared to  total  volume. 

Pressurized Water Reactor (PWR): A reactor system that  uses a pressurized water primary 
cooling system. Steam formed in a secondary c o ~ l i n g  system is usZd t o  t u r n  turbines t o  
generate electricity.  



Primary Wastes: Untreated in i t ia l  wastes resulting from operation of fuel cycle f ac i l i t i e s  
other than waste management fact l i t i e s  (wastes from operation of waste management 
f ac il i t i e s  are secondary wastes). 

Pyroxene: A group of dark rock-forming s i l ica te  minerals closely related i n  crystal form 
and analogous i n  chemical composition to the amphiboles; found chiefly i n  igneous rocks. 

Rad: Radiation absorbed dose, the basic u n i t  of absorbed dose of ionizing radiation. A 
dose of 1 rad i s  equivalent to the absorption of 100 ergs of radiation energy per gram of 
absorbing material. 

Recharge: In hydrology, a source or means for replenishment of water withdrawn or dis-  
charged from an aquifer. 

rem (roentgen equivalent man) : A quantity used i n  radiation protection to express the 
effective dose equivalent for a l l  forms of  ionzing radiation. I t  is the product of the . 
adsorbed dose i n  rads and factors related t o  relative biological effectiveness. 

Remotely Handled Waste: Waste package having surface dose rate  greater than 0.2 R/hr. Such 
packages require extensive shielding and/or remote handling to  protect operating person- 
nel. Remotely handled wastes were termed intermedi ate-level wastes i n  DOE/ET-0028 and 
DOVET-0029. 

. Repository (Federal) : A Federally owned and operated f ac i l i t y  for storage or disposal of 
specific types of waste fran DOE s i tes  and/or licensees. 

Retrievabi lity: Capability to remove waste from i t s  place i n  isolation w i t h  approximately 
the same level of effort  and radiation exposure as required to  place the waste. 

RH-TRU: Remotely handled TRU waste. 

Risk (mathematical) : Product of the consequences and the probability of the event's 
occurrence. 

Roentgen: A u n i t  for measuring gamna or 'x-rayn radiation. The Roentgen is defined by 
measuring the effect of the radiation on air.  I t  i s  that  amount of ganuna or x-rays 
required to  produce ions carrying 1 electrostatic u n i t  o f  charge i n  0.001293 g of dry a i r  
under standard conditions; 1 R = 2.58 x 10-4coulanb/kg. 

RWSF: Retrievable waste storage f aci 1 ity. 

Scrubbers: An apparatus that chemically removes impurities from exhaust gas emissions. 

Secondary Wastes: Wastes that result  from applying waste treatment technologies to  primary 
wastes. 

Sedimentary Basin: A geologically depressed area that has thtck sediments i n  the interior 
and thinner sediments a t  the edges. 

Seismicity: The phenomenon of earth movements as man if ested by earthquakes. 

SFPF: Spent fuel packaging faci l  ity. 

Shield: A continental segment of the earth's crust which has been relatively stable over a 
long period of time and which has exposed crystalline rocks mostly of Precambrian age; i n  
general, representing the oldest rocks of the continent. 

Shielding : A material interposed between a source of radi ation and personnel fo r  protection 
against the danger of radiation. Commonly used shielding materials are concrete, water 
and lead. - 

Shipping Cask: A specially designed container used for sh ipp ing  radioactive materials. 

SHLW: Solidified high-level waste. 



Short-Lived Nuclides: Radioxtive isotopes with  relatively short half-lives. Usage for 
some isotopes varies w i t h  the concept being considered (e.g., isotopes w i t h  5-50 year 
half-lives are short l i ved  in the context of geologic disposal but  long lived i n  the con- 
text of predisposal operations). 

Slurry: A fluid mixture or suspension of insoluble material. 

Solidification: Conversion of l i q u i d  radioactive waste to a dry, stable solid. 

Source Terms: The quantity of radioactive material (or other pollutant) released to  the 
environment a t  its point of release (source). 

Spent Fuel (SF): Nuclear reactor fuel that has been used to the extent that i t  can no 
longer be used efficiently i n  a nuclear power plant. 

Stock: An igneous intrusion less than 100 km2 (40 mi2) i n  surface exposure. 

Storage: Retention of waste i n  some type of manmade device i n  a manner permi t t ing  
retrieval. 

Strain: Deformation resulting from applied stress; proportional to stress. 

Stratum: Sedimentary bed or layer, regardless of thickness, of homogeneous or gradational 
lithology. 

Syncline: A fold, the core of which contains stratigraphically younger rocks, and which, 
i n  simplest form, i s  elongate and concave upward w i t h  the two limbs dipping toward each 
other. 

Tailings: The part of any ore that i s  regarded as too poor to be treated further. 

Tails: In the case of uranium i t  refers to the depleted uranium lef t  after enrichment 
operations. 

TBP: Tributyl phosphate, a solvent used i n  the WREX fuel reprocessing process. 

Technologies: Specific methods for implementin concepts. An 'example is calcination of S l i q u i d  high-level waste by us ing  a spray calc ner. 

Tectonic: O f ,  pertaining to, or designating the processes causing, and the rock structures 
resulting from, deformation of the earth's crust. 

Tectonism (diastrophism) :. Crustal movement produced by earth forces, such as the formation 
of plateaus and mountain ranges; the structural behavior of an element of the earth's 
crust during, or between, major c ~ l e s  of sedimentation. 

. Theoretical Densi t y  (TD) : Maximum density attainable for any given material. 

Thermal Regime: The area adjacent to a heat source which is affected by that source. 

Trajectory: The curve that an object describes i n  space i n  traveling from one point to 
another. 

Transmissivity: volume of water flowing through a 1-ft width  of aquifer of given thickness 
under a u n i t  gradient (1 f t  vertically for each 1 f t  laterally) and a t  the viscosity pre- 
vailing i n  the field. Mathematically, it i s  the product of permeability and aquifer 
thickness. 

Transmutation: A nuclear process i n  which one 
different element. This can be accomplished 
particles. 

nuclide i s  transformed into the nuclide of a 
by bombardment w i t h  n-trons or other nuclear 



Transportation: Movement of materials between sites. 1ntra-site movement i s  not con- 
sidered. Includes alternative methods for packa ing, handling, and transport of waste 
materials and plutonium compounds, Concepts inc 1 ude a l l  conventional methods of land and 
water transport required by the waste management system. 

Transuranic (TRU) elements: Elements with atomic number greater than 92. They include, 
among others, neptunium, plutonium, americium, and curium, 

Transuranic Waste: Waste material measured or assumed to contain more than a specified con- 
centration of transuranic elements. For purposes of this Statement, TRU waste i s  waste 
f r m  locations that might cause contamination levels above 10 nanocuries of transuranic 
alpha activity per gram of waste. 

Treatment: Operations intended to benefit safety or economy by changing the waste 
characteristics. 

Ultramafic: Pertaining to igneous rocks composed chiefly of ferromagnesian dark minerals. 

Uplift: A structurally high area i n  the crust, produced by movements that raise or upthrust 
the rocks, as i n  a dome or arch. 

Vital Areas: The code of Federal Regulations (10 CFR 73), defines equipment items, systems, 
devices, and materials whose failure, destruction or release could directly endanger the 
public health and safety by exposure to radiation defined as mvitala. Areas containing 
such items or materials (e.g., spent fuel or high-level waste) are defined as V i t a ln  
areas and subject to special protection measures. 

Waste Immobilization: Process of converting waste to a stable, solid and relatively insol- 
uble form. 

Waste Isolation P i l o t  Plant (WIPP): A Defense repository proposed for a s i t e  i n  South- 
eastern New Mexico, 

Waste Management: The planning, execution and surveil lance of  essential functions related 
to the control of radioactive (and nonradioactive) waste, including treatment, .transporta- 
tion, storage, surveillance, and isolation. 

Yater Table: The upper surface of the zone of water saturation i n  the subsurface, a t  which 
the pressure i s  equal to atmospheric pressure; the upper surface of an unconfined aquifer. 


